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nrcr^ARATION OF MICHAEL M- GRUNSTEI N AND HAKON HAKONARSON 

UNDER 37 CF.R. SI. 131 

We, Michael M. Grunstein and Hakon Hakonarson, hereby 
declare that: 

1. We are the inventors of the invention described and claimed 
in U.S. Patent Application Serial No. 09/261,104, (the '104 
application) . 

2. We have read and are familiar with the contents of the 
Official Action dated August 27, 2002 in the "104 
application. We note that the Examiner has rejected claims 
3, 9-11, 19-20, 28, and 30-42 under 35 U.S.C. §103 (a) as 
allegedly being unpatentable over Fick et al (WO 9704807, 
hereafter '807 application) in view of Platz et al (US 
Patent No. 6,019,968, hereafter '968 patent) and Jager et al 
(US Patent No. 5,676,930, hereafter '930 patent). We also 
note that claims 4 and 14 have been rejected under 35 U.S.C. 
§103 (a) as allegedly being unpatentable over '807 
application in view of '968 patent and '930 patent and 
further in view of Bonnefoy et al (WO 9612741, hereafter 
'741 application). The purpose of this declaration is to 



establish that the invention described and claimed in the 
'104 application (the "subject invention") was conceived of 
prior to April 14, 1995, which upon information and belief, 
predates the earliest U.S. filing dates of the 4 807 
application and '968 patent, respectively. This declaration 
also establishes that the invention described and claimed in 
the '104 application was diligently and constructively 
reduced to practice at least as early as March 3, 1998, the 
filing date of the provisional application from which the 
instant application claims priority under 35 U.S.C. §119(e). 

Conception of the invention described in 4 104 application is 
evidenced by representative flow cytometric analysis of 
FceRII, FcyRH/ and FcyRIII receptor proteins expression in 
human airway smooth muscle (ASM) tissue treated for 24 hours 
with human control serum or atopic asthmatic serum (Exhibits 
A1-A5). Data disclosed in Exhibits A1-A5 are experiments 
utilized in the development of methods for the treatment of 
asthma. It was observed that the expression of the specific 
IgE receptor, FceRII, is increased in ASM tissue treated 
with atopic asthmatic serum (A2) compared to that in ASM 
tissue treated with control serum (A3). However, expression 
levels of the IgG receptors, FcyRII (Al) or FcyRIII 
receptors (A4) , in ASM tissue were not affected by exposure 
to atopic asthmatic serum. The samples described in 
Exhibits A1-A4 were prepared prior to the earliest U.S. 
filing dates of the x 807 application and x 968 patent. 
Exhibit A5 is a composite figure of some of these data. 
Dates shown on Exhibit A have been masked for the purpose of 
this Declaration. Conception of the subject matter 
described in Exhibits A1-A5 occurred in the United States. 

Attached hereto as Exhibit Bl is a copy of an abstract, 
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which clearly discloses Applicants' finding that both Fey 
and FceRII receptors are expressed in ASM cells and that 
FceRII receptor is up-regulated in ASM cells by exposure to 
atopic asthmatic serum. Also provided is Exhibit B2 which 
is an abstract describing further characterization of the 
role played by the FceRII in the asthmatic response. 

Attached hereto as Exhibits C1-C7 are copies of notebook 
pages which reveal that the effects of atopic asthmatic 
serum are blocked or prevented by pre- incubation of ASM with 
an anti-FcsRII (CD23) monoclonal antibody. CI is a graph of 
the tracing data presented in Exhibits C6 and C7 . The dates 
on the data have been masked for the purpose of this 
Declaration. 

Attached hereto as Exhibits Dl and D2 are pages from our 
laboratory notebooks describing Southern blots showing that 
FcsIIR is expressed in ASM cells and that this expression is 
up-regulated by exposing the cells to atopic asthmatic 
serum. These results were observed in both human (Dl) and 
rabbit (D2) tissue. We performed these experiments and 
contemporaneously recorded the data set forth in the 
laboratory notebook pages of Exhibit D. The dates appearing 
in Exhibit D have been masked for the purpose of this 
Declaration. 

The results of flow cytometry analysis of FcellR expression 
are also shown in Exhibits E1-E3. ASM tissue was exposed to 
atopic asthmatic serum for 24 hours. The data show that 
relative to isotype negative control antibody (El) FcellR 
expression was dramatically up-regulated in human asthmatic 
serum- treated human airway cells (E2) relative to control 
serum-treated cells (E3) . Dates on Exhibit E are masked for 



the purpose of this Declaration. 

8. Exhibit F shows the results of experiments performed using 
ASM tissue obtained from human patients. Representative 
Southern blots are shown revealing that, in contrast to lung 
tissue, a dramatic increase in FceRII mRNA expression is 
seen in the airways of asthmatic patients relative to 
control non-asthmatic patient airway tissue. Dates on 
Exhibit F have been masked for the purpose of this 
Declaration. 

s 

\ 

9. In order to show a reduction to practice of our invention, 
Exhibit G is attached hereto. Exhibit G is a copy of the 
provisional application filed March 10, 1998 from which the 
instant application claims priority under 35 U.S.C. §119(e). 

10. After conceiving the invention and carrying out the 
experimentation described in paragraphs 3-8 above, we were 
diligent in reducing the invention to practice, including 
the period from just prior to April 14, 1995 until the 
invention was subsequently reduced to practice as set forth 
in paragraph 9 above. The Exhibits described in paragraphs 
3-8 describe our work during the relevant period. Thus, we 
conceived of the present invention prior to the filing dates 
of '807 application and '968 patent and thereafter 
diligently reduced the claimed invention to practice. 

11. All of the experiments, the results of which are presented 
in the Exhibits attached to this Declaration, were performed 
by us or under our direction and supervision. 

We hereby declare that all statements made herein of our own 
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knowledge are true and that all statements made on information 
and belief are believed true; and further that these statements 
are made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, 
under Section 10C1 of Title 18 of the United States Code, and 
that such willful statements may jeopardize the validity of the 
above-referenced application or any patent issuedtnereon. 

Michael M. Grunstein \ 



DATE Hakon Hakonarson 
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establish that the invention described and claimed in the 
•104 application (the "subject invention") was conceived of 
prior to April 14, 1995, which upon information and belief, 
predates the earliest U.S. filing dates of the v 807 
application and x 968 patent, respectively. This declaration 
also establishes that the invention described and claimed in 
the '104 application was diligently and constructively 
reduced to practice at least as early as March 3, 1998, the 
filing date of the provisional application from which the 
instant application claims priority under 35 U.S.C. §119(e). 

3. Conception of the invention described in x 104 application is 
evidenced by representative flow cytometric analysis of 
FceRII, FcyRII, and FcyRIII receptor proteins expression in 
human airway smooth muscle (ASM) tissue treated for 24 hours 
with human control serum or atopic asthmatic serum (Exhibits 
A1-A5) . Data disclosed in Exhibits A1-A5 are experiments 
utilized in the development of methods for the treatment of 
asthma. It was observed that the expression of the specific 
IgE receptor, FceRII, is increased in ASM tissue treated 
with atopic asthmatic serum (A2) compared to that in ASM 
tissue treated with control serum (A3) . However, expression 
levels of the IgG receptors, FcyRII (Al) or FcyRIII 
receptors (A4) , in ASM tissue were not affected by exposure 
to atopic asthmatic serum. The samples described in 
Exhibits A1-A4 were prepared prior to the earliest U.S. 
filing dates of the '807 application and '968 patent. 
Exhibit A5 is a composite figure of some of these data. 
Dates shown on Exhibit A have been masked for the purpose of 
this Declaration. Conception of the subject matter 
described in Exhibits A1-A5 occurred in the United States. 

4. Attached hereto as Exhibit Bl is a copy of an abstract, 
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which clearly discloses Applicants' finding that both Fey 
and FceRII receptors are expressed in ASM cells and that 
FccRII receptor is up-regulated in ASM cells by exposure to 
atopic asthmatic serum. Also provided is Exhibit B2 which 
is an abstract describing further characterization of the 
role played by the FcsRII in the asthmatic response. 

5. Attached hereto as Exhibits C1-C7 are copies of notebook 
pages which reveal that the effects of atopic asthmatic 
serum are blocked or prevented by pre-incubation of ASM with 
an anti-FceRII (CD23) monoclonal antibody. CI is a graph of 
the tracing data presented in Exhibits C6 and C7 . The dates 
on the data have been masked for the purpose of this 
Declaration . 

6. Attached hereto as Exhibits Dl and D2 are pages from our 
laboratory notebooks describing Southern blots showing that 
FccIIR is expressed in ASM cells and that this expression is 
up-regulated by exposing the cells to atopic asthmatic 
serum. These results were observed in both human (Dl) and 
rabbit (D2) tissue. We performed these experiments and 
contemporaneously recorded the data set forth in the 
laboratory notebook pages of Exhibit D. The dates appearing 
in Exhibit D have been masked for the purpose of this 
Declaration. 

7. The results of flow cytometry analysis of FccIIR expression 
are also shown in Exhibits E1-E3. ASM tissue was exposed to 
atopic asthmatic serum for 24 hours. The data show that 
relative to isotype negative control antibody (El) FcellR 
expression was dramatically up-regulated in human asthmatic 
serum-treated human airway cells (E2) relative to control 
serum- treated cells (E3) . Dates on Exhibit E are masked for 
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the purpose of this Declaration. 

8. Exhibit F shows the results of experiments performed using 
ASM tissue obtained from human patients. Representative 
Southern blots are shown revealing that, in contrast to lung 
tissue, a dramatic increase in FceRII mRNA expression is 
seen in the airways of asthmatic patients relative to 
control non-asthmatic patient airway tissue. Dates on 
Exhibit F have been masked for the purpose of this 
Declaration. 

9. In order to show a reduction to practice of our invention, 
Exhibit G is attached hereto. Exhibit G is a copy of the 
provisional application filed March 10, 1998 from which the 
instant application claims priority under 35 U.S.C. §119(e). 
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in paragraph 9 above. The Exhibits described in paragraphs 
3-8 describe our work during the relevant period. Thus, we 
conceived of the present invention prior to the filing dates 
of '807 application and x 968 patent and thereafter 
diligently reduced the claimed invention to practice. 

11. All of the experiments, the results of which are presented 
in the Exhibits attached to this Declaration, were performed 
by us or under our direction and supervision. 

We hereby declare that all statements made herein of our own 
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Altered expression and action of the 
low-affinity IgE receptor FccRII (CD23) in 
asthmatic airway smooth muscle 

Hakon Hakonarson, MD, Came Carter, BA, Cecilia Kim, BA, and 
Michael M. Grunstein, MD, PhD Philadelphia, Pa 



Background: Changes in cell surface expression of certain 
immunoglobulin Fc receptors have been demonstrated in 
leukocytes isolated from the lungs of atopic asthmatic individ- 
uals. This, together with emerging evidence that Fc receptors 
can also be expressed and activated in non-bone 
marrow-derived cell types, including airway smooth muscle 
(ASM), raises the hypothesis that the atopic asthmatic ASM 
phenotype is associated with an altered endogenous expression 
and action of specific Fc receptors present in the ASM Itself. 
Objective: The current study addressed the above hypothesis 
by examining (1) whether the expression of certain key Fc 
receptor subtypes for IgE and IgG is altered in ASM tissue iso- 
lated from human atopic asthmatic individuals and (2) 
whether this altered Fc receptor expression is comparably 
induced in naive human ASM tissue and cultured cells after 
their passive sensitization with human atopic asthmatic serum 
or IgE immune complexes. 

Methods: Messenger RNA and cell surface protein expression 
of the individual IgG receptor subtypes FcyRI, FctRII, and 
FctRIII, as well as the IgE receptor subtypes FceRI and 
FceRII, were examined in human ASM tissue isolated from 
atopic asthmatic and control (nonatopic/nonasthmatic) indi- 
viduals. In addition, we examined the effects of passive sensiti- 
zation of ASM tissue and cultured ASM cells with control 
serum, atopic asthmatic serum, or exogenously administered 
IgE immune complexes on Fc receptor expression and action 
(ie, induction of proinflammatory cytokine release). 
Results: The observations demonstrate that (1) human ASM 
tissue expresses messenger RNA and surface protein for 
FccRII, as well as for all the Fey receptor subtypes, (2) in con- 
trast to unaltered Fqr subtype expression, however, relative to 
control human ASM, FceRII is significantly up-regulated in 
inherently asthmatic ASM tissue, (3) up-regulated expression 
of FceRII represents, at least in part, an inducible phenome- 
non that is largely attributed to IgE immune complex-coupled 



From the Divisions of Pulmonary Medicine and Allergy, Immunology, and 
Infectious Diseases, Joseph Stokes, Jr Research Institute, Children's Hos- 
pital of Philadelphia, University of Pennsylvania School of Medicine, 
Philadelphia, Pa. 

Supported in part by National Heart, Lung, and Blood Institute grants No. 
HL-31467 and HL-58245 and by an Institutional Developmental Fund 
Award from the Joseph Stokes, Jr Research Institute. H. H. is a Parker B. 
Francis Fellow in Pulmonary Research and Molecular Approaches to Pedi- 
atric Science-Child Health Research Center Investigator. 

Received for publication Feb 24, 1999; revised June 7, 1999; accepted for 
publication June 7, 1999. 

Reprint requests: Michael M. Grunstein, MD, PhD, Children's Hospital of 
Philadelphia, University of Pennsylvania School of Medicine, Abramson 
Research Bldg, Room 410, 34th St and Civic Center Blvd, Philadelphia, 
PA 19104. 

Copyright O 1999 by Mosby, Inc. 

0091-6749/99 $8.00 + 0 1/1/100690 



activation of the receptor, and (4) the latter action is associated 
with FceRI I-induced autologous elaboration of the proinflam- 
matory cytokine, IL-ip, by the atopic sensitized ASM. 
Conclusion: These observations provide new evidence that 
human ASM tissue expresses FceRII in addition to all 3 sub- 
types of Fey receptors and that the expression of FceRII is 
selectively increased in atopic asthmatic ASM, a phenomenon 
associated with IgE immune complex/FceRII-mediated elabo- 
ration of IL-ip by the ASM itself. (J Allergy Clin Immunol 
1999;104:575-84.) 

Key words: Fc receptor expression, immunoglobulins, /L-7(5, 
human airway smooth muscle, asthma 

Exaggerated agonist-induced bronchoconstriction, 
attenuated P-adrenoceptor-mediated airway relaxation, 
and airway inflammation are all characteristic features of 
bronchial asthma. 1-3 Although the mechanism underly- 
ing these inflammation-associated changes in airway 
responsiveness remains largely unknown, numerous 
reports support a role for Fc receptor activation in both 
initiating and propagating the pulmonary inflammatory 
response in asthma. 4-7 Thus mast cell stimulation has 
been implicated in mediating the immediate bronchocon- 
strictor response after antigen inhalation in individuals 
with atopic asthma, wherein IgE-coupled activation of its 
high-affinity receptor (ie, FceRI) on mast cells leads to 
cellular degranulation and the release of various proin- 
flammatory mediators and cytokines. The recent identifi- 
cation of Fc receptors on other cell types in the lung (eg, 
mononuclear cells, eosinophils, dendritic cells, and 
epithelial cells) suggests that their activation may also 
serve to propagate the proinflammatory airway response, 
most likely by the orchestrated extended release of spe- 
cific cytokines. 7-14 Moreover, apart from leukocytes per 
se, the identification of Fc receptors in resident tissue 
cells, including airway smooth muscle (ASM) cells, 15 
suggests an expanded role for Ig receptors in regulating 
local tissue immune responses. In this regard, we recent- 
ly identified that rabbit ASM tissue and cultured ASM 
cells express the low-affinity receptor for IgE, FceRII 
(CD23) and that activation of the latter receptor is asso- 
ciated with the induction of "proasthmatic" changes in 
agonist-mediated ASM constrictor and relaxant respon- 
siveness. 15 

In light of the above evidence, the current study exam- 
ined whether expression of specific Fc receptor messen- 
ger RNAs (mRNA) and proteins is altered in inherently 
asthmatic human ASM tissue and whether this modulated 
Fc receptor expression represents a potentially inducible 
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phenomenon in naive ASM passively sensitized with 
human atopic asthmatic serum or exogenously adminis- 
tered IgE immune complexes. The results demonstrate 
that (1) human ASM tissue expresses mRNA and surface 
protein for the low-affinity IgE receptor FceRII as well as 
for all 3 Fey receptor subtypes that bind to IgG, (2) in 
contrast to unaltered Fey receptor expression, relative to 
naive (control) human ASM, expression of FceRII is sig- 
nificantly up-regulated in inherently asthmatic ASM, (3) 
up-regulated expression of FceRII in human ASM is, at 
least in part, an inducible phenomenon, largely attributed 
to immune-complexed IgE/CD23 -coupled interaction, 
and (4) the latter phenomenon is accompanied by the 
induced expression and elaboration of the proinflamma- 
tory cytokine IL- 1 P by the ASM itself. Collectively, these 
findings suggest a critical role for up-regulated FceRII 
receptor expression and activation in mediating the 
proasthmatic phenotype in human ASM. 

METHODS 

Preparation of human ASM tissue 

Human ASM tissue (both tracheal and bronchial sections) was 
isolated from a 12-year-old asthmatic boy who died from status 
asthmaticus (patient 1). Although the patient's cardiopulmonary sta- 
tus responded to resuscitation, he was determined to be dead on the 
basis of brain perfusion scan criteria. The lung and airway tissue 
were freshly obtained under sterile conditions during a subsequent 
organ donation procedure. The ASM tissue was carefully scraped of 
loose connective tissue and epithelium under a microscope, pre- 
pared for RNA and protein extraction, and examined for Fc recep- 
tor expression, as described below. ASM tissue was also prepared 
from a 25-year-old African American woman with asthma who died 
from an exacerbation complicated by pneumonia (patient 2). Of 
note, microscopically the airway tissue specimens from both 
patients had all the characteristic features of asthmatic airway tis- 
sue, including the presence of ASM hypertrophy-hyperplasia. Age- 
matched ASM tissue from 6 individuals who had no history of 
asthma and who either had a lung resection for a peripheral lung 
carcinoma or who died from nonpulmonary related causes served as 
controls. The latter tissue specimens were tumor free and micro- 
scopically normal. 

In extended experiments, ASM tissue from 3 of the above 6 
nonasthmatic subjects was passively sensitized with either human 
control serum, atopic asthmatic serum, IgE alone (2- 1 5 ug/mL), or 
IgE immune complexes (2-15 ug IgE, 1-5 Ug/mL anti-lgE) for var- 
ious time points (see below). The atopic asthmatic serum was 
obtained from allergic patients with moderate to severe asthma and 
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serum IgE levels >1000 lU/mL and 4 to 5 of 6 plus radioaller- 
gosorbent tests positive (specific IgE concentration of > 17.5 Phade- 
bas radioallergosorbent test units/mL) to Dermatophagoides 
pteronyssinus, Dermatophagoides farinae, and ragweed and posi- 
tive skin test results to these antigens. The control serum was 
obtained from nonatopic nonasthmatic subjects with normal IgE 
levels (ie, <70 IU/mL) and negative skin test reactivity. The tissues' 
mRNA and protein were subsequently isolated for analysis of Fc 
receptor mRNA and protein expression (see below). The participa- 
tion of human subjects in this study was approved by the Institu- 
tional Review Board of the Joseph Stokes, Jr Research Institute at 
the Children's Hospital of Philadelphia. 

Preparation and sensitization of human ASM 
cells 

To examine Fc receptor regulation in ASM cells, we used cul- 
tured human bronchial smooth muscle (HBSM) cells obtained from 
Clonetics (San Diego, Calif). The HBSM cells were derived from 2 
healthy male donors aged 16 and 21 years. The cells were fully 
characterized with specific markers to confirm their selective 
smooth muscle phenotype and to exclude contamination with other 
cell types, according to the manufacturer's protocol. The cells were 
grown in smooth muscle basal medium (SMBM) supplemented 
with 5% FBS, insulin (5 ng/mL), epithelial growth factor (10 
ng/mL, human recombinant), fibroblast growth factor (2 ng/mL, 
human recombinant), gentamicin (50 ng/mL), and amphotericin B 
(50 ng/mL). The standard experimental protocol involved growing 
the cells to confluence in the above medium. The cells were then 
starved in unsupplemented SMBM (SFM) for 24 hours, at which 
time the cells were treated with either human control serum from 
nonatopic-nonasthmatic subjects or serum from subjects with atopic 
asthma in the absence and presence (40 jig/mL) of an anti-CD23 
monoclonal blocking antibody (anti-CD23 mAb). In other experi- 
ments cells were treated with SFM alone or SFM in the presence of 
maximum effective concentrations of IgE or IgE immune complex- 
es. The cells were then examined for Fc receptor mRNA and protein 
expression, as described below. 

Determination of Fey and Fee receptor mRNA 
expression 

Total RNA was isolated from the above tissue and cell pre- 
parations with use of the modified guanidinium thiocyanate- 
phenol-chloroform extraction method to include proteinase K (in 
5% SDS) digestion of protein in the initial RNA pellet 16 The con- 
centration of each RNA sample was then determined spectrophoto- 
metrically. This procedure consistently produced yields of 1 5 to 25 
ug of intact RNA per each tissue specimen under study or T-75 flask 
of HBSM cells. To analyze for mRNA expression of the FctRI, 
FC7RII, FcyRIII, FceRI, and FceRII receptor subtypes, we used a 
reverse transcriptase (RT)-PCR protocol and human specific primers 
for these Fc receptor subtypes. Complementary DNA (cDNA) was 
synthesized from total RNA isolated from (1) naive versus inherently 
atopic asthmatic human ASM tissue and (2) human ASM tissue or 
ASM cells passively sensitized with either IgE alone, IgE immune 
complexes, human control serum, or atopic asthmatic serum in the 
absence and presence of anti-CD23 mAb. cDNA from activated 
peripheral blood mononuclear cells served as positive controls for the 
individual Fey and Fee receptor expression analyses. The cDNA was 
primed with oligodeoxythymidine 12-18 and extended with Super- 
script II reverse transcriptase (Gibco BRL). PCR was used to ampli- 
fy Fc receptor-specific products from each cDNA reaction with use 
of the following Fc receptor primer pairs, on the basis of published 
sequences of the human Fcy-RI, FC7RII, FC7RIII, and FceRI and 
FceRII genes, 17 - 18 and included the following primer sets: 



Abbreviations used 

ASM: Airway smooth muscle 

cDNA: Complementary DNA 

FceRII (CD23): Low-affinity receptor for IgE 

HBSM: Human bronchial smooth muscle 

mRNA: Messenger RNA 

NaCl: Sodium chloride 

RT: Reverse transcriptase 

SFM: Serum-free medium 

SMBM: Smooth muscle basal medium 

SSC: Standard saline citrate 
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FcyRIa: 

5 -Primer 5 '-ATGTGGTTCTTGACAACTCTGCTC-3 ' 
3 -Primer 5 -ATGTCTGTCTTCTTGAAGGCTGGA-3' 
Product is 1038 bp 
FcyRIIa,c: 

5 -Primer 5 '-G ACTCC ATTCAGTGGTTCCA-3 ' 
3 '-Primer 5 -GTC AGCTGTTTCATAGTCATTG-3 ' 
Product is 644 bp 
FcyRIII: 

5 '-Primer 5'-AAGATCTCCCAAAGGCTGTG-3 ' 
3 -Primer 5 -ATGG ACTTCTAGCTGCACCG-3 ' 
Product is 254 bp 
FceRI: 

5'-Primer 5 '-GG AACGGGAATTACC ATCCT-3 ' 
3 '-Primer 5 '-AAAGACGATCATCGGGAACC-3 ' 
Product is 313 bp 
FceRII: 

5 '-Primer 5 '-CGTCTCTCAAGTTTCC AAG-3 ' 
3 '-Primer 5 -GCACTTCCGTTGGAATTTG-3 ' 
Product is 333 bp 
RPL7: 

5 '-Primer 5 '-AAGAGGCTCTCATTTTCCTGGCTG-3 ' 
3 '-Primer 5 '-TCCGTTCCTCCCCATAATGTTCC-3 ' 
Product is 157 bp 

The cycling profile used was as follows: denaturation 95°C for 1 
minute, annealing 52°C to 62°C for 1.0 to 1.5 minutes, and exten- 
sion 72°C for 1 to 2 minutes and 34 to 40 cycles for the FcyRI, 
FcyRII, FcyRIII, FceRI and FceRII receptor genes and 26 cycles for 
the RPL7 gene. The number of cycles was determined to be in the 
linear range of the PCR products. The PCR reactions for the human 
Fey, Fee, and RPL7 primers were performed with use of equivalent 
amounts of cDNA prepared from 2.5 [ig of total RNA. Equal 
aliquots of each PCR reaction were then run on a 1 .2% agarose gel 
and subsequently transferred to a zeta-probe membrane overnight in 
0.4N sodium hydroxide. After capillary transfer, the DNA was 
immobilized by UV cross-linking with use of a Stratalinker UV 
Crosslinker 2400 at 120,000 uJ/cm 2 (Stratagene). Prehybridization 
in a Techne hybridization oven was conducted for 2 to 3 hours at 
42°C in 50% formaldehyde, 7% (wt/vol) SDS, 0.25 mol/L sodium 
chloride (NaCl), 0.12 mol/L sodium phosphate (pH 7.2), and 1 
mmol/L EDTA. Hybridization was for 20 hours at 42°C in the same 
solution. The FcyRI, FcyRII, FcyRIII, FceRI, FceRII, and RPL7 
DNA levels were assayed by Southern blot analysis with phospho- 
rus 32-labeled probes. These probes were prepared by pooling sev- 
eral RT-PCR reactions for the individual Fc and RPL7 PCR frag- 
ments and purifying them from a 1.2% agarose gel with use of the 
Qiaex II agarose gel extraction kit. The individual Fc receptor 
cDNA fragments were subsequently sequenced for product confir- 
mation. Washes were as follows: 1 for 15 minutes in 2x standard 
saline citrate (SSC), 0.1% SDS at room temperature; 1 for 15 min- 
utes in 0. Ix SSC, 0.1% SDS at room temperature; and 2 for 15 min- 
utes at 50°C in 0.1 x SSC, 0.1% SDS. Southern blots were quanti- 
tated by direct measurements of radioactivity in each band with use 
of a Phospholmager (Molecular Dynamics). 

Fifteen micrograms of cytoplasmic RNA pertaining to each time 
point was also fractionated in 1% agarose, formaldehyde denaturing 
gels. After capillary transfer, cross-linking, and prehybridization, 
the levels of mRNA were analyzed with use of the above 32 P- 
labeled cDNA fragments for the individual Fc receptor genes pre- 
pared by random priming; as previously described in our laborato- 
ry. 19 Northern blots were quantitated by direct measurement of 
radioactivity in each band with use of the Phospholmager. 
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Determination of Fey and Fee receptor 
protein expression 

Expression of cell surface protein for the FcyRI, FcyRII, FcyRI- 
II, and FceRII receptors was assayed by Western blot analysis of 
membrane protein samples isolated from naive (control) and human 
asthmatic ASM tissue. The ASM was then minced and homoge- 
nized in 50 mmol/L TRIS-hydrochloric acid, 1 50 mmol/L NaCl, 1 
mmol/L EDTA (pH 7.4) containing 1 mmol/L phenylmethylsul- 
fonyl fluoride, 5 jig/mL aprotinin, and 5 ^ig/mL leupeptin. Nuclei 
and large particulates were removed by centrifugation at lOOg for 5 
minutes. The supernatant was then centrifuged at 100,000g for I 
hour to pellet the membrane fractions. The membrane pellet was 
resuspended in the same Tris-EDTA buffer, and the protein concen- 
tration was measured with the Lowry assay. Equivalent amounts 
(30-50 p.g) of membrane protein were fractionated in 11% 
SDS-polyacrylamide gels followed by transfer to nitrocellulose 
membranes. The membranes were then blotted overnight at room 
temperature in 25 mmol/L TRIS-hydrochloric acid (pH 7.5), 150 
mmol/L NaCl, and 0.05% Tergitol NP-40 containing 5% nonfat 
milk, as previously described in our laboratory. 20 The primary 
mouse antihuman FcyRI, FcyRII, FcyRIII, and FceRII antibodies 
used were diluted 1:250 to 1:500 and incubated for 1 hour at room 
temperature. All primary and secondary antibody incubations and 
washes were done in 25 mmol/L TRIS-hydrochloric acid (pH 7.5), 
150 mmol/L NaCl, and 0.05% NP-40 containing 0.50% nonfat 
milk. The individual Fc receptor levels were detected with enhanced 
chemiluminescence after a 1-hour incubation with a 1 : 1000 dilution 
of an antimouse horseradish peroxidase-1 inked secondary antibody 
and subsequent exposure to autoradiography film. Expression levels 
of the individual Fc receptor protein were quantitated with use of 
laser densitometry (Bio-Rad, Hercules, Calif). 

Fc receptor cell surface expression was also examined in human 
ASM cells by flow cytometric analysis with a Coulter EPICS Elite 
flow cytometer (Coulter EPICS Division, Hialeah, Fla) equipped 
with a 5-W argon laser operated at 488 nmol/L and 300 mW output. 
Fluorescence signals were accumulated as 2-parameter fluores- 
cence histograms with both percent positive cells and mean channel 
fluorescence being recorded. Cells treated for 24 hours with either 
20% human control serum or 20% human atopic asthmatic serum 
were resuspended in buffer, dispersed by passage through a 23- 
gauge needle, and then separately stained with primary mouse anti- 
human antibodies specific for the individual FcyRI, FcyRII, FcyRI- 
II, FceRI, and FceRII receptor genes (Serotec, Raleigh, NC) in 
1:250 to 1:500 dilution. After subsequent repeat washing, FITC- 
labeled F(ab')2 goat antimouse IgE and IgG fragments were used as 
secondary antibodies and incubated for 1 hour in 1:500 to 1:1000 
dilutions in PBS containing 0.5% BSA. Activated peripheral blood 
lymphocytes isolated from blood donors were used as the positive 
controls for the Fc receptor expression assays. The cells were also 
stained with mouse antibodies of the identical isotypes as the Fc 
receptor mAbs to measure background fluorescence (ie, mouse 
IgGl negative control). The antibody-stained cells were then evalu- 
ated by flow cytometry and analyzed with use of Elite Immuno 4 
statistical software (Coulter EPICS Division). Fluorescence intensi- 
ties were expressed as percent positive cells, including mean chan- 
nel fluorescence. 

Finally, an immunofluorescence detection assay was also used to 
examine for FceRII surface receptor expression in ASM cells after 
a 24-hour treatment with human control versus atopic asthmatic 
serum, as described above. After standard preparation, the ASM 
cells were fixed in acetone and then mounted on poly-L-lysine-coat- 
ed slides. The cells were incubated with PBS buffer containing 10% 
human serum to suppress nonspecific staining and subsequently 
labeled overnight at 4°C with primary mouse antihuman CD23 anti- 
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FIG 1. Comparison of expression of Fc?RI (1038 bp), FcyRIIAC (644 
bp), and FctRIII (254 bp) receptor mRNAs with use of RT-PCR in 
control (CO) and inherently asthmatic (AS) human ASM tissue. 
Expression of RPL7 was used to control for loading. Blots were 
probed with human specific FcyRI, FcyRII, and FcyRIII 32p.| a beled 
cDNA probes. Note: Human ASM tissue expresses mRNA for both 
the high-affinity Fc?RI and the low-affinity Fc?RIIAC and FcyRIII 
receptors, as determined by expected sizes of respective FctRI. 
FctRII, and FcyRIII cDNA fragments, and there were no differences 
in mRNA expression signals between control and asthmatic ASM. 
Data are representative of 3 separate experiments with ASM tis- 
sue isolated from patient 1. Comparable results were obtained 
with ASM tissue isolated from patient 2. 



body in 1 :250 dilution. In control sections the primary antibody was 
replaced by Igs of the same isotype according to the manufacturer's 
protocol (mouse IgGl negative control). Parallel cell slides were 
also stained with an cc-actin antibody to exclude contamination of 
the ASM cells with non-actin-containing cells. After subsequent 
repeat washing, FITC-labeled F(ab')2 goat antimouse IgE or IgG 
fragments were used as secondary antibodies, as described above. 
After serial washing, the slides were examined under a fluorescent 
microscope, and quantitative analysis of the protein localization in 
the cell and tissue sections under the above experimental conditions 
was performed with use of the Metamorph Imaging System inter- 
faced with a Nikon Diaphot 300 Image Analyzer that uses a Hama- 
matsu CCD camera. 

ELISA measurements of IL-1(3 protein 

IL-lp protein levels were measured in the culture media from 
microscopically isloated human ASM tissues at baseline and after a 
24-hour exposure to maximum effective concentrations of either 
IgE alone, IgE immune complexes, human control serum, or human 
atopic asthmatic serum in the absence and presence of anti-CD23 
mAb. IL- 1 p protein was quantitatively assessed with an enzyme- 
specific immunoassay, as previously described. 19 The latter assay 
was performed with a double-antibody sandwich strategy in which 
an acetylcholine esterase, Fab-conjugated IL-1 p-specific secondary 
antibody was targeted to a first cytokine-captured antibody. The 
enzymatic activity of the acetylcholine esterase was measured spec- 
trophotometrically and, relative to a linear standard curve (range 0- 
250 pg/mL), the results were used to quantify the amount of the tar- 
geted IL-ip present in the tissue culture media. 



Statistical analysis 

Statistical analysis was performed by means of the 2-tailed 
paired Student t test. P values <.05 were considered significant 

Reagents 

The human airway tissue was provided by the Cooperative 
Human Tissue Network, which is funded by the National Cancer 
Institute. The human ASM cells and SMBM medium were obtained 
from Clonetics, Walkersville, Md. The FcyRI, FcyRIIAC, FctRIIB, 
FcyRIII, FceRI, FceRII, and RPL7 primers were obtained from Inte- 
grated DNA Technologies, Coralville, la. The human myeloma IgE 
and the goat-antihuman IgE antibodies were purchased from Biode- 
sign, Kennebunk, Me. The FcyRI, FcyRII, FcyRIII, and FceRII 
mAbs and the F(ab')2-FITC fragments used in protein assay stud- 
ies were purchased from Serotec, Raleigh, NC. The anti-CD23 
monoclonal blocking antibody (mAbl35) was the generous gift of 
Dr M. Sarfati, Montreal, Quebec, Canada. 

RESULTS 

Fc receptor mRNA expression in inherently 
asthmatic and atopic asthmatic serum- 
sensitized ASM 

To examine the expression of different Fc receptors in 
human ASM tissue and whether this expression is altered 
in inherently atopic asthmatic ASM, we used RT-PCR 
incorporating Fc receptor-specific primers for the differ- 
ent Fey and Fee receptor subtypes. Southern blots were 
then generated (see Methods) and probed with human 
cDNA probes specific for the individual Fey and Fee 
receptor genes. A 157-bp RPL7 probe was also used to 
control for gel loading, and the signals for the Fey, Fee, 
and RPL7 PCR products were quantitated on a Phosphor- 
Imager. As depicted in Fig 1, ASM tissue expressed 
mRNA for all 3 Fey receptor subtypes and there were no 
significant difference in the magnitudes of the signals for 
either FcyRI, FcyRII, or FcyRIII between control 
(nonatopic nonasthmatic) and inherently asthmatic ASM. 
In contrast to these observations, expression of the high- 
affinity IgE receptor, FceRI, was undetectable in either 
the control or asthmatic ASM tissue specimens (Fig 2). 
mRNA expression of the low-affinity IgE receptor, 
FceRII (ie, CD23), however, was present in both the con- 
trol and asthmatic ASM tissues and, relative to the con- 
trol ASM, the FceRII signal was markedly up-regulated 
in the asthmatic ASM (Fig 2). 

To determine whether the above selectively up-regu- 
lated expression of FceRII mRNA in the inherently 
atopic asthmatic ASM tissues potentially represented an 
inducible phenomenon, similar to that recently reported 
in rabbit ASM passively sensitized with human atopic 
asthmatic serum, 15 comparable experiments were con- 
ducted on adjacent segments of human control 
(nonatopic nonasthmatic) ASM tissue sections that were 
passively sensitized for 24 hours with either human con- 
trol or atopic asthmatic serum. Subsequent Southern blot 
analysis demonstrated that, although the FceRII signal 
was detectable in the control serum-treated tissues, 
expression of FceRII was markedly enhanced in the 
atopic asthmatic serum-sensitized ASM. In contrast, the 
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FIG 2. Comparison of expression of FceRI (313 bp) and FceRII (333 
bp) receptor mRNAs with RT-PCR in control (CO) and inherently 
asthmatic (AS) human ASM tissue. Expression of RPL7 was used 
to control for loading. Blots were probed with human specific 
FceRI and FceRII "P-labeled cDNA probes. Note: In contrast to 
undetectable expression of FceRI. human ASM tissue expresses 
mRNA for low-affinity FceRII receptor, as determined by expected 
size of its FceRII cDNA fragment, and expression of FceRII mRNA 
signal is markedly increased in inherently asthmatic human ASM. 
Data are representative of 3 separate experiments with ASM tis- 
sue isolated from patient 1. Comparable results were obtained 
with ASM tissue isolated from patient 2. 
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FIG 3. Representative Southern blot (n = 4) prepared from paired 
human ASM tissue samples incubated with control (CO) or atopic 
asthmatic (SE) serum for 24 hours. PCR products were amplified 
with human-specific FceRII and RPL7 primers and probed with 
human-specific 333-bp FceRII and 157-bp RPL7 human "P-labeled 
cDNA probes. Note: Marked induction of FceRII expression in 
atopic asthmatic serum -sensitized sample. 



constitutively expressed RPL7 signal was similar in both 
tissue preparations (Fig 3). 

In light of the above results, together with our earlier 
pharmacodynamic evidence demonstrating a critical role 
for immune-complexed IgE/CD23 interaction in mediat- 
ing proasthmatic changes in agonist responsiveness in 
atopic asthmatic serum-sensitized rabbit ASM tissues, 15 
we next examined whether our observed up-regulation of 
FceRII expression in the atopic asthmatic serum-sensitized 
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FIG 4. A, Comparison of expression of FceRII mRNA in human 
ASM tissue after 24-hour treatment with either control (CO) or 
atopic asthmatic serum in absence (SE) and presence (SE+) of 
anti-CD23 mAb. B, Comparison of FceRII mRNA expression in 
human ASM treated for 24 hours with vehicle alone (CO) or max- 
imal effective concentrations of IgE alone or IgE immune com- 
plexes (IgE cx). Products of RT-PCR reactions with human-specif- 
ic primers for FceRII receptor mRNA are shown. Expression of 
RPL7 was used to control for gel loading. Blots were probed with 
above 32 P-labeled human-specific FceRII and RPL7 cDNA probes. 
Note: Anti-CD23 mAb significantly attenuated induction of FceRII 
mRNA expression in atopic asthmatic-serum sensitized ASM <A). 
Comparably, treatment of human ASM with IgE immune com- 
plexes also significantly induced enhanced mRNA expression of 
FceRII. whereas IgE alone had a lesser effect (B). Data are repre- 
sentative of 4 separate experiments. 



state was associated with IgE-coupled activation of the 
FceRII receptor itself. With use of ASM tissue sections 
microscopically isolated from the same human tracheal 
and bronchial specimens (see Methods) we found that this 
up-regulation of FceRII expression was largely prevented 
by pretreating the atopic serum-sensitized tissues with a 
monoclonal anti-CD23 blocking antibody (SE + ) (Fig 4, 
A), whereas the tissue samples exposed to atopic asthmat- 
ic serum (SE) displayed markedly induced FceRII expres- 
sion relative to the control (CO) serum-treated samples. 
Moreover, in complementary experiments examining the 
effects of exogenous administration of either human IgE 
alone or IgE immune complexes to naive ASM tissues, we 
found that treatment of the tissues for 24 hours with IgE 
immune complexes induced a pronounced up-regulated 
expression of FceRII mRNA, whereas the corresponding 
RPL7 signal was unaffected (Fig 4, B). Comparably, 
exogenous administration of IgE alone had a qualitatively 
similar effect on FceRII expression; however, the magni- 
tude of this effect was relatively modest. 
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FIG 5. Representative Western blots depicting FcyRI (-52,000 kd), 
FC7RII (-40,000 kd), FC7RIII (-75,000 kd), and FceRII (-46,000 kD) 
expression in membrane homogenates from human control (CO) 
and inherently asthmatic (AS) human ASM tissue. Fifty micro- 
grams of membrane protein was loaded in each lane. Note: In 
contrast to unaltered FcyRI, FC7RII and FC7RIII expression, relative 
to control ASM, expression of FceRII protein was significantly 
enhanced in inherently asthmatic ASM. Data are representative of 
3 separate experiments with ASM tissue isolated from patient 1. 
Comparable results were obtained with ASM tissue isolated from 
patient 2. 



Fc receptor protein expression in inherently 
asthmatic and atopic asthmatic serum- 
sensitized ASM 

Cell surface expression of the Fc receptors FcgRI, 
FcgRII, FcgRIII, and FceRII was also examined with use 
of Western immunoblot analysis of membrane protein 
samples isolated from human naive (control) and inher- 
ently asthmatic ASM tissues (see Methods). As demon- 
strated in Fig 5, protein expression signals were detected 
for the FcgRI, FcgRII, and FcgRIII receptors, and there 
were no discernible differences in these signals between 
the control and asthmatic ASM tissues. In contrast, 
although FceRII protein expression was virtually unde- 
tectable in the control ASM, the expression of FceRII was 
significantly up-regulated in the asthmatic ASM (Fig 5). 

Given the above observations, in extended flow cyto- 
metric experiments we further examined whether cultured 
human ASM cells also express cell surface proteins for 
the FcgRI, FcgRII, FcgRIII, and FceRII receptor subtypes 
and whether this expression is altered after passive sensi- 
tization of the cells with atopic asthmatic serum. As 
shown in Fig 6, ASM cells expressed surface proteins for 
the above Fc receptor subtypes (Fig 6, A), and there were 
no differences in the expression signals for the Fcg recep- 
tors between cells that were exposed to control versus 
atopic asthmatic serum. In contrast to unaltered Fcg 
receptor expression, relative to control cells, 24-hour 
exposure of the ASM cells to atopic asthmatic serum 
induced up-regulated cell surface expression of the 
FceRII receptor (Fig 6, B). Finally, to further substantiate 
the latter observations, we also examined for altered 
FceRII receptor expression in atopic asthmatic serum- 



sensitized human ASM cells by immunofluoresence 
staining (see Methods). As shown in Fig 7, relative to the 
isotype-negative control antibody (upper panels), staining 
with a fluorescent-labeled anti-CD23 antibody was weak- 
ly positive in the control serum-treated cells (left panel). 
Comparatively, in accordance with the above flow cyto- 
metric analysis, immunofluorescence staining for the 
CD23 receptor protein was notably enhanced in the atopic 
asthmatic serum-sensitized ASM cells (right panel). 

Taken together, the above observations demonstrate 
that (1) human ASM expresses the mRNAs and proteins 
for the FcgRI, FcgRII, and FcgRIII receptors for IgG, as 
well as for the FceRII receptor for IgE, (2) relative to 
control ASM, the expression of FceRII is selectively up- 
regulated in asthmatic ASM, and (3) up-regulated FceRII 
receptor expression can be induced in naive ASM after 
exposure of the tissue or cultured cells to either human 
atopic asthmatic serum or exogenously administered IgE 
immune complexes. 

Release of IL-1p by atopic asthmatic 
sensitized ASM 

We recently reported that IL-lp protein is elaborated 
by rabbit ASM tissue or cultured cells passively sensi- 
tized with human atopic asthmatic serum. 19 To the extent 
that the latter release of IL-1 P was found to act in an 
autocrine fashion to endogenously induce proasthmatic 
changes in ASM responsiveness, 19 * 21 we next examined 
whether IgE immune complex-treated or atopic asthmat- 
ic serum-sensitized human ASM depicts altered IL-lp 
protein release. The latter was analyzed with use of an 
enzyme-specific immunoassay (see Methods). There 
were no detectable levels of IL-ip protein in the culture 
media of ASM tissues exposed for 24 hours to vehicle or 
IgE alone. In contrast, tissues that were exposed to 
immune-complexed IgE (Fig 8, A) or atopic asthmatic 
serum (Fig 8, E) depicted markedly enhanced elaboration 
of IL-1 P protein into the culture media at 8 and 24 hours. 
Moreover, this induced release of IL-1 P was inhibited by 
pretreating the atopic serum-sensitized tissues with an 
anti-CD23 monoclonal blocking antibody (Fig 8, 5), 
implicating a role for FceRII activation in mediating the 
release of IL-ip in the sensitized state. 

DISCUSSION 

Bronchial asthma is characterized by exaggerated ago- 
nist-induced bronchoconstriction, attenuated p-adreno- 
ceptor-mediated airway relaxation and airway inflam- 
mation, the latter most notably involving infiltration of 
the airways with eosinophils and lymphocytes. u * 12 » 22 
Although the mechanistic interplay between inflamma- 
tion and the associated changes in airway responsiveness 
remains to be identified, it is relevant to note that the 
altered airway responsiveness in asthmatic individuals 
has been associated with elevations in total and antigen- 
specific serum IgE. 23 ' 24 Moreover, genetic analyses of 
family members with allergic asthma have demonstrated 
a significant correlation between altered airway respon- 



J ALLERGY CLIN IMMUNOL 
VOLUME 104. NUMBER 3, PART 1 



Hakonarson et al 581 



Human Airway Smooth Muscle Cells 



Control serum 



Asthmatic serum 






FIG 6. Representative How cytometric analysis of FctRI, FqfRII. and FqfRIII expression (A) and FceRII cell sur- 
face protein expression (B) in human ASM cells treated for 24 hours with human control serum (left) and 
human atopic asthmatic serum (right). The ASM cells were stained with mouse antihuman mAbs specific for 
the individual FcyR!. FcyRII, FctRIII. and FceRU receptors. Levels of nonspecific background staining were mea- 
sured by staining with isotype control IgG antibody (left histogram in each panel). Goat antimouse FITC-con- 
jugated secondary antibody was used for detection of the signals. Note: Relative to cells exposed to control 
serum, there was significantly induced enhanced cell surface staining for FceRII in cells that were exposed to 
atopic asthmatic serum {P< .01, n = 3). In contrast, atopic asthmatic serum had no appreciable effect on FcyRI, 
FcyRII, or Fc^RIH expression. 



siveness and serum IgE levels. 25 * 26 As a first approxima- 
tion, these findings suggest a mechanistic relationship 
between serum IgE levels and changes in airway respon- 
siveness in atopic asthma. Indeed, it is well established 
that IgE can induce an immediate hypersensitivity reac- 
tion in the airways after allergen exposure and that this 
acute bronchoconstriction is initiated by degranulation of 
mast cells after activation of their high-affinity IgE 
receptor, FceRI. 4 - 7 Furthermore, progression of the ini- 



tial IgE/FceRI-coupled mast cell response into the late- 
phase asthmatic response has been largely attributed to 
the orchestrated extended release of various cytokines by 
other stimulated infiltrating inflammatory cell 
types 5,10,11,14 i n this regard, it has been recently demon- 
strated that expression of the inducible form of the low- 
affinity IgE receptor (FceRII) is up-regulated on mono- 
cytes and lung alveolar macrophages, 27 ' 28 as well as on 
circulating B lymphocytes 29 ' 31 isolated from atopic asth- 
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FIG 7. Representative immunofluorescence staining (n « 4) for CD23 surface receptor protein in control serum- 
treated (left) and atopic asthmatic serum-sensitized (right) ASM cells. (Original magnification ¥100). F(at02- 
FITC conjugated fragments were used to detect the primary monoclonal anti-CD23 antibody. Isotype-negative 
control antibody was used to control for nonspecific staining (upper). Note: Significantly enhanced FceRII 
(CD23) receptor staining in ASM cells that were treated with atopic asthmatic serum. 



matic subjects. Thus, apart from mast cells per se, IgE- 
Fce receptor interactions involving other bone mar- 
row-derived proinflammatory cells may also contribute 
to the allergic asthmatic pulmonary response. 

Notwithstanding the above considerations, we recent- 
ly identified the presence of Fc receptors in ASM tissue 
and cultured ASM cells and found that specific activation 
of FceRII in rabbit ASM was associated with the induc- 
tion of proasthmatic changes in agonist-mediated ASM 
constrictor and relaxant responsiveness. 15 In light of 
these findings, the current study investigated whether 
expression of specific Fc receptors is altered in inherent- 
ly asthmatic human ASM tissue and whether such altered 
Fc receptor expression represents a potentially inducible 
phenomenon in naive human ASM that is passively sen- 
sitized with human atopic asthmatic serum or IgE 
immune complexes. The results provided compelling 
new evidence demonstrating that (1) although Fey recep- 
tor subtype expression is present and similar in both iso- 
lated human control and inherently asthmatic ASM, 
expression of the low-affinity receptor for IgE (FceRII) is 
relatively markedly up-regulated in the asthmatic tissue, 
(2) qualitatively comparable selective up-regulation of 
FceRII expression is inducible in naive (control) ASM 
passively sensitized with human atopic asthmatic serum 
or IgE immune complexes, and (3) the latter inducible 



phenomenon is associated with an autologous FceRII- 
coupled release of the proinflammatory cytokine IL-1 (5 by 
the sensitized ASM. In light of these findings, the concept 
is raised that, apart from an implied role(s) for infiltrating 
leukocytes, the autologously up-regulated expression of 
FceRII in ASM may also serve to foster the proasthmatic 
phenotype. Indeed, in extended support of this concept, 
we recently reported that the induced, IL-l(*-dependent, 
proasthmatic changes in constrictor and relaxant respon- 
siveness in rabbit ASM passively sensitized with human 
atopic asthmatic serum or IgE immune complexes is pre- 
ventable by pretreating the sensitized ASM with a mono- 
clonal anti-CD23 blocking antibody. 15 

In addressing the mechanism underlying our observed 
increased expression of FceRII in inherently atopic asth- 
matic ASM, our extended observations suggest that this 
may represent an inducible phenomenon in naive human 
ASM. Indeed, in agreement with our recent findings 
using rabbit ASM, 15 we found that either exposure of 
naive human ASM tissue to atopic asthmatic serum or 
IgE immune complexes induced comparably increased 
FceRII receptor expression in the sensitized ASM. More- 
over, our findings demonstrated that this experimentally 
induced up-regulated expression of FceRII was largely 
prevented by pretreating the human ASM tissue with an 
anti-CD23 blocking antibody (Fig 4, A and B). Thus our 
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findings support the presence of an IgE/CD23 -dependent 
autocrine mechanism that serves to autologously up-reg- 
uiate FceRII expression in sensitized human ASM. This 
concept is in accord with a number of earlier studies that 
have reported a direct correlation between serum IgE lev- 
els and FceRII and FceRI expression in other cell 
types 32-34 Although these reports raised the notion of a 
possible common mechanism regulating the production 
of both IgE and its receptors, more recent evidence based 
on studies with different cell lines suggests that IgE itself 
may act to enhance FceRI 35 > 36 or FceRII expression. 37 ' 39 
Our current observations concur with the latter notion 
and, accordingly, suggest the presence of a positive feed- 
back system in human ASM wherein IgE up-regulates 
the expression of its own low-affinity receptor. 

In previously examining the mechanistic link between 
exposure of naive rabbit ASM tissue to atopic asthmatic 
serum and its resultant altered agonist responsiveness, 
with the same experimental model described here, we 
found that the induced proasthmatic changes in ASM 
responsiveness were initiated by IgE/FceRII-coupled 
activation, associated with the induced autologous 
expression and autocrine action of IL-lp in the atopic 
sensitized ASM. 15 - 19 Moreover, the mechanism of action 
of IL-1(3 in eliciting the proasthmatic changes in ASM 
responsiveness was attributed to its induced up-regulated 
expression of Gi protein, specifically Gia 2 and Gia 3 , 
which inhibit intracellular cyclic AMP accumulation. 21 
Our current study did not allow for comparable examina- 
tion of the above mechanism of altered responsiveness in 
human ASM tissue because of its limited availability in 
quantity sufficient for pharmacodynamic experiments. 
Nevertheless, consistent with the mechanism identified 
in rabbit ASM, 15 we found that human ASM tissue pas- 
sively sensitized with atopic asthmatic serum or IgE 
immune complexes depicts markedly enhanced release 
of IL-lp protein into the culture medium (Fig 8, A), In 
addition, we found that the latter induced release of IL- 
1 p was largely prevented by pretreating the sensitized 
human ASM with an anti-CD23 blocking antibody (Fig 
8, B). Thus, as a first approximation, it appears reason- 
able to suspect that sensitized human ASM tissue may 
undergo proasthmatic changes in its responsiveness that 
are comparable to those seen in sensitized rabbit ASM. 
This possibility, however, remains to be experimentally 
addressed. 

In conclusion, the current study examined the pres- 
ence and regulation of Fc receptors in inherently asth- 
matic human ASM tissue and in naive human ASM pas- 
sively sensitized with human atopic asthmatic serum and 
IgE immune complexes. The results demonstrate that (1) 
human ASM tissue expresses mRNA and surface protein 
for the low affinity receptor for IgE, FceRII, as well as 
for the FcyRI, FcyRII, and FcyRIII receptor subtypes that 
bind to IgG, whereas expression of the high-affinity 
receptor for IgE (FceRI) is undetectable, (2) in contrast 
to unaltered Fey subtype expression, relative to naive 
(control) human ASM, expression of FceRII mRNA and 
protein is significantly up-regulated in inherently asth- 




FIG 8. Comparison of mean levels of IL-ip protein released into 
culture media of ASM tissues after 0-, 8-, and 24-hour exposure to 
(A) SFM alone (open bars), IgE (hatched bars), or IgE immune 
complexes (filled bars) and (B) human control serum (open bars) 
or human atopic asthmatic serum in absence (hatched bars) and 
presence (filled bars) of anti-CD23 mAb. Note: Human ASM tissue 
exposed to IgE immune complexes or to atopic asthmatic serum 
released significantly increased (P< .001, n = 5) levels of IL-1fl pro- 
tein into tissue culture medium, whereas treatment with serum- 
free medium, human control serum, or IgE alone had no appre- 
ciable effect Moreover, this effect of atopic asthmatic serum was 
largely prevented by pretreatment with anti-CD23 mAb. Data are 
representative of 3 separate experiments. 



matic ASM tissues, (3) up-regulated expression of 
FceRII represents, at least in part, an inducible phenom- 
enon that is largely attributed to IgE-coupled activation 
of the FceRII receptor itself, and (4) the latter action is 
associated with FceRII-induced autologous elaboration 
of IL-ip protein by the sensitized ASM. Although com- 
parably up-regulated expression of the FceRII receptor 
has been demonstrated in different bone marrow-derived 
circulating leukocytes isolated from atopic asthmatic 
individuals, 27 " 30 the current observations raise a novel 
consideration regarding the pathobiologic mechanisms 
of asthma. Accordingly, given the important immunolog- 
ic, proinflammatory, and physiologic responses attrib- 
uted to FceRII receptor activation, the current findings 
support the concept that up-regulated FceRII expression 
and action in human asthmatic ASM plays an important 
role in establishing its asthmatic phenotype. 
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Pig. 14. Flow cytometry of HBSM cells stained with FcyRI,. . FcyRII, FeyRIII . and FceRII monoclonal 
antibodies. HBSM cells were treated for 24 hr with 20% control serum (histograms on left), or 20% asthmatic serum (histograms 
on right) and were stained with FITC-conjugated monoclonal antibodies specific for FcyRI (A panels), FcyRII (B panels), FcyRHI (C 
panels) and FceRII (D panels) receptors (dotted tracing). The level for non-specific background staining was measured by staining 
cells with FITC-conjugated isotype control antibodies (solid tracing). The stained HBSM cells were evaluated by flow cytometry 
using a Coulter EPICS Elite flow cytometer (Coulter EPICS Division, Hialeah, FL) and the fluorescence intensities are expressed as 
percent positive cells, including mean channel fluorescence. 

The above results demonstrate a significant percentage of cells that stain positive for the Fey 
receptor subtypes, these data correlate well with the RT-PCR results which indicated mRNA expression 
for each of these receptor subtypes in HBSM cells. The percent positive cells did not change significantly 
following the incubation with asthmatic serum. The percent positive cells for the FceRII receptor was 
nearly twofold lower than for the Fey receptors, however, the 24. hr incubation with asthmatic serum 
resulted in significandy up-regulated expression (171%') of FceRII on the cell surface. 
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COMPOSITIONS AND METHODS FOR TREATMENT 
OF ASTHMA 



GOVERNMENT SUPPORT 
This invention was made in part using funds obtained from the U.S. 
5 Government (National Heart, Lung and Blood Institute Grant No. HL-3 1467) and the 
U.S. Government may therefore have certain rights in the invention. 

FIELD OF THE INVENTION 
The field of the invention is asthma therapy. 

BACKGROUND OF THE INVENTION 
10 Bronchial asthma in mammals is characterized by inflammation of the 

airways, exaggerated airway reactivity to bronchoconstrictor agonists, and attenuated 
beta-adrenoceptor-mediated airway relaxation (Bai, 1990 Am. Rev. Respir. Dis. 
141:552-557; Goldie et al., 1986, Br. J. Clin. Pharmacol. 22:669-676; McFadden et 
al., 1994, Am. J. Respir. Crit. Care Med. 150:523-526). In humans with atopic 
15 asthma, mast cell activation has been implicated in mediating the immediate 

bronchoconstrictor response which acutely follows antigen inhalation. This response 
is a process which involves IgE-mediated activation of the high affinity IgE receptor 
(FceRI), leading to cellular degranulation and the release of various mast cell-derived 
mediators including histamine, eicosanoids, and specific cytokines (Metzger, 1992, 
20 Immunol. Rev. 125:37-48; Beaven et al, 1993, Immunol. Today 14:222-226; Galli, 
1993, N. Engl. J. Med. 328:257-265). The identification of Fc receptors on other cell 
types in the lung (e.g., mononuclear cells, eosinophils, and dendritic cells) suggests 
that, apart from mast cells per se, these other cell types may also serve to propagate the 
pro-inflammatory allergic pulmonary response, most likely via the orchestrated 
25 extended release of various cytokines (Walker et al., 1992, Am. Rev. Respir. Dis. 
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146:109-1 15; Watson et al., 1993, Am. J. Respir. Cell Mol. Biol. 8:365-369; Capron et 
al., 1984, J. Immunol. 132:462-468; Beasley et al., 1989, Am. Rev. Respir. Dis. 
139:806-817; Litchfield et al., 1992, J. Asthma 29:181-191; Barnes et al., 1988, 
Pharmacol. Rev. 40:49-84; Borish et al., 1991, J. Immunol. 146:63-67. It is believed 

5 that immune complex/Fc receptor interactions expressed by these cells, i.e., 
mononuclear cells, eosinophils, and dendritic cells, potentially underlie the 
progression of the airway inflammatory and bronchoconstrictor responses in asthma, 
wherein the immediate bronchoconstriction accompanying antigen exposure is 
followed by the development of the late phase asthmatic response involving various 

10 proinflammatory cells. Indeed, recent studies have demonstrated that expression of 
the inducible form of the low affinity IgE receptor (FceRII or CD23) is upregulated 
on monocytes and alveolar macrophages (Williams et aL, 1992, J. 
Immunol. 149:2823-2829), as well as on circulating B lymphocytes (Gagro et al., 
1993, Int. Arch. Allergy Immunol. 101:203-208; Rabatic et al., 1993, Exp. 

15 Immunol. 94:337-340) isolated from atopic asthmatic subjects. Similarly, exposure of 
asthmatic subjects to allergen and treatment of isolated monocytes with specific 
cytokines have been shown to up-regulate FceRII expression on mononuclear 
phagocytes (Williams et al., 1992, J. Immunol. 149:2823-2829; Joseph et al., 1983, J. 
Clin. Invest. 71:221-230). These findings suggest that altered Fc receptor expression 

20 and action in some cell types may contribute to the overall pro-inflammatory 

asthmatic response. While it is known that exposure of isolated rabbit and human 
airway smooth muscle (ASM) to atopic asthmatic serum induces the autocrine release 
and action of specific cytokines (notably IL-lfi) by the sensitized ASM cells 
(Hakonarson et al., 1997, J. Clin. Invest. 99:117-124), the mechanism by which this 

25 sensitization is mediated has not been disclosed. 

Current treatment options for asthma include medications that control 
the airway inflammatory component of the disease, e.g., primarily corticosteroids, 
sodium cromolyn, methylxanthines, leukotriene modifiers) and rapid relief 
medications that counteract bronchospasm, e.g., primarily beta-adrenergic agents. 



- 2 - 



There are several disadvantages to using these medications as follows: There is a 
potential lack of effective sustained action; there are side effects associated with 
prolonged use of these medications, particularly in the case of corticosteroids and 
beta-adrenergic agents; there is a progressive loss of sensitivity to these treatments 
after prolonged use; there is limited efficacy of any of these agents in severe cases of 
asthma; these agents are non-selective, i.e., they do not specifically target the lung, 
therefore, side-effects affecting other organs are a potential risk. Furthermore, there 
are data which document an increased risk of dying from bronchial asthma following 
prolonged treatment of asthma using long-acting beta-adrenergic agents such as 
fenoterol (Pearce et al., 1990, Thorax 45:170-175; Spitzer et al M 1992, New Engl J. 
Med. 326:560-561). 

Approximately fifteen million individuals in the U.S. have asthma and 
the disease is the cause of more than five thousand deaths annually in the U.S. I 
children, asthma represents the most prevalent chronic disease, requiring the most 
frequent use of emergency room visits and hospitalizations. The overall annual cost 
for asthma care in the U.S. is estimated to be about none billion dollars. Asthma is 
the most common cause of school and work absenteeism in the U.S. 

There is thus a long felt need for additional and more specific and 
effective compositions and methods for treatment of asthma which additional 
compositions and methods overcome the deficiencies of the prior art compositions 
and methods. 

SUMMARY OF THE INVENTION 
The invention relates to a method of preventing induction of an 
asthmatic state in a human patient comprising administering to the human an anti- 
FceRII receptor protein ligand suspended in a pharmaceutically acceptable carrier in an 
amount sufficient to inhibit binding of IgE to an anti-FceRJI receptor protein thereby 
preventing induction of the asthmatic state in the human. Preferably, the 
pharmaceutically acceptable carrier is physiological saline. 



In one aspect, the ligand is selected from the group consisting of an 
isolated protein , an isolated polypeptide and a non-peptide. 

In a preferred embodiment, the ligand is selected from the group 
consisting of a polyclonal antibody, a monoclonal antibody, a synthetic antibody, a 
5 chimeric antibody and a humanized antibody. Preferably, the anti-FceRII receptor 
protein ligand is an anti-FceRII receptor protein antibody. 

In another aspect, the ligand is administered to the human in the form of 
an isolated DNA encoding and capable of expressing the ligand. The DNA may be 
formulated in a viral or a non-viral vector. When the DNA is formulated in a viral 
10 vector,- the viral vector is selected from the group consisting of a recombinant vaccinia 
virus, a recombinant adenovirus, a recombinant retrovirus, a recombinant adeno- 
associated virus and a recombinant avian pox virus. When the DNA is formulated in a 
non-viral vector, the non-viral vector is selected from the group consisting of a 
liposome and a poly amine conjugated DNA. 
15 In yet another aspect, the anti-FceRJI receptor protein ligand is 

administered to the human in an amount between about 1 ng/kg and about 100 mg/kg 
of patient body weight. 

The invention also relates to a method of treating asthma in a human 
patient comprising administering to the human an anti-FceRII receptor protein ligand 
20 suspended in a pharmaceutically acceptable carrier in an amount sufficient to inhibit 

binding of IgE to an anti-FceRII receptor protein thereby treating asthma in the human. 
Preferably, the pharmaceutically acceptable carrier is physiological saline. 

In one aspect, the ligand is selected from the group consisting of an 
isolated protein, an isolated polypeptide and a non-peptide. 
25 In a preferred embodiment, the ligand is selected from the group 

consisting of a polyclonal antibody, a monoclonal antibody, a synthetic antibody, a 
chimeric antibody and a humanized antibody. Preferably, the anti-FceRII receptor 
protein ligand is an anti-FceRJI receptor protein antibody. 
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In another aspect, the ligand is administered to the human in the form of 
an isolated DNA encoding and capable of expressing the ligand. The DNA may be 
formulated in a viral or a non-viral vector. When the DNA is formulated in a viral 
vector, the viral vector is selected from the group consisting of a recombinant vaccinia 
virus, a recombinant adenovirus, a recombinant retrovirus, a recombinant adeno- 
associated virus and a recombinant avian pox virus. When the DNA is formulated in a 
non-viral vector, the non-viral vector is selected from the group consisting of a 
liposome and a polyamine conjugated DNA. 

In yet another aspect, the anti-FceRII receptor protein ligand is 
administered to the human in an amount between about 1 ng/kg and about 100 mg/kg 
of patient body weight. 

Also included in the invention is a method of treating a human having 
asthma comprising administering to the human a pharmaceutical^ effective amount of 
an isolated nucleic acid encoding an anti-FceRII receptor protein ligand, wherein the 
nucleic acid expresses the ligand in vivo in an amount sufficient to treat the asthma. 

In addition, the invention includes a method of identifying an anti- 
FceRII receptor protein ligand comprising providing a mixture comprising IgE and a 
population of cells which express an FceRII receptor protein, incubating the mixture in 
the presence or absence of a test ligand, and measuring the level of IgE bound to the 
FceRII receptor protein, wherein a lower level of IgE bound to the cells in the presence 
of the test compound compared with the level of binding of IgE to the cells in the 
absence of the test compound is an indication that the test compound is an anti-FceRII 
receptor protein ligand. 

In a preferred embodiment of this aspect of the invention, the cells are 
airway smooth muscle cells. 

The invention also includes a ligand useful for inhibiting binding of IgE 
to an FceRII receptor protein identified by a method comprising providing a mixture 
comprising IgE and a population of cells which express an FceRII receptor protein, 
incubating the mixture in the presence or absence of a test ligand, and measuring the 



! 

f 



level of IgE bound to the FceRII receptor protein, wherein a lower level of IgE bound 
to the cells in the presence of the test compound compared with the level of binding of 
IgE to the cells in the absence of the test compound is an indication that the test 
compound is an anti-FceRII receptor protein ligand. 
5 In addition, the invention includes a method of inhibiting binding of IgE 

to an FceRII receptor protein expressed on a cell comprising administering to the cell 
an anti-FceRII receptor protein ligand. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1A is a graph depicting a comparison of contractile dose- 
10 response relationships to acetylcholine (ACh) in paired control serum-treated (open 

circles) and atopic asthmatic serum-treated tracheal smooth muscle (TSM) segments in 
the absence (closed circles) and presence (open squares) of anti-CD23 monoclonal 
antibody (MAb). 

Figure IB is a graph depicting a comparison of contractile dose- 
15 response relationships to augmented constrictor responses (ACR) in control serum- 
treated (open circles) and atopic asthmatic serum-treated TSM in the absence (closed 
circles) and presence (open squares) of Staphylococcus protein A (SpA). Data 
represent mean ±SE values from 6 paired tissue samples. 

Figure 2A is a graph depicting a comparison of relaxation dose- 
20 relationships to isoproterenol in paired control serum-treated (open circles) and 

atopic asthmatic serum-treated TSM segments half-maximally contracted with their 
respective ED50 doses of ACh in the absence (filled circles) and presence (open 
squares) of anti-CD23 MAb. 

Figure 2B is a graph depicting a comparison of relaxation responses to 
25 isoproterenol in control (open circles) and atopic asthmatic serum-treated TSM in the 
absence (filled circles) and presence (open squares) of SpA. Data are mean ± SE 
values from 8 paired tissue samples. 
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Figure 3 is a graph depicting a comparison of airway constrictor 
responses to ACh in isolated paired TSM segments in the absence (open circles) and 
presence (filled circles) of IgE immune complexes (see Methods). Data represent mean 
+SE values from 6 paired tissue samples. 

Figure 4 is a graph depicting a comparison of airway relaxation 
responses to isoproterenol in paired TSM segments in the absence (open symbols) 
and presence (filled symbols) of IgE immune complexes (see Methods). All TSM 
segments were initially half-maximally contracted with their respective ED 50 doses 
of ACh prior to isoproterenol administration. Data represent mean ±SE values from 8 
paired tissue samples. 

Figure 5A is an image of a gel depicting expression of FcyRIII receptor 
mRNA using reverse transcriptase polymerase chain reaction (RT-PCR) in rabbit ASM 
cells following 0, 6 and 24 hours of treatment with 10% control serum and 10% atopic 
asthmatic sensitizing serum. Expression of a-actin was used to control for loading. 
cDNA obtained from activated U937 cells (i.e., for FcyRIH) was used as a positive 
control. The blots were probed with human specific FcyRIII 32 P-labeled cDNA probes. 

Figure 5B is an image of a gel depicting expression of FceRII receptor 
mRNA using RT-PCR in rabbit ASM cells following 0, 6 and 24 hours of treatment 
with 10% control serum and 10% atopic asthmatic sensitizing serum. Expression of cc- 
actin was used to control for loading. cDNA obtained from the immortalized human B- 
cell line 8. 1 .6 (i.e., for FceRII) was used as a positive control. The blots were probed 
with human specific FceRII 32 P-labeled cDNA probes. 

Figure 6A is an image of a Southern blot probed with full length 
FcyRIII and a 1 57-bp RPL7 human cDNA probe. Paired human airway smooth 
muscle samples were incubated with control (CO) or atopic asthmatic (SE) serum for 
24 hours. cDNA was transcribed from total RNA primed with oligo(dT). PCR 
products were amplified using a human-specific FcyRIII and RPL7 primers, run on 
1,2% agarose gels, transferred to a Zeta-probe membrane and then probed. 
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Figure 6B is an image of a Southern blot probed with full length FceRII 
and a 157-bp RPL7 human cDNA probe. Paired human airway smooth muscle 
samples were incubated with control (CO) or atopic asthmatic (SE) serum for 24 hours. 
cDNA was transcribed from total RNA primed with oligo(dT). PCR products were 

5 amplified using human-specific FceRII and RPL7 primers, run on 1.2% agarose gels, 
transferred to a Zeta-probe membrane and then probed. 

Figure 7 is an image of a gel depicting a expression of FceRII mRNA 
as assessed by RT-PCR in human bronchial smooth muscle tissue following 24 hours 
of treatment with control (CO) or atopic asthmatic serum in the absence (SE) and 

10 presence (SE+) of anti-CD23 MAb. The products of the RT-PCR reactions using 2,5 
\ig of total RNA and human-specific primers for the FceRII receptor mRNA are shown. 
Expression of RPL7 was used to control for gel loading. The blot was probed with the 
above 32 P-labeled human-specific FceRII and RPL7 cDNA probes. 

Figure 8A is a gel depicting of expression of FceRII as assessed by RT- 

15 PCR in rabbit ASM cells following 0 and 24 hr treatment with media alone (control) or 
with IgE immune complexes for 0, 6, 12 and 24 hours. The products of RT-PCR 
reactions using 2.5 ^ig of total RNA and human-specific primers for the FceRJI 
receptor mRNA are shown. mRNA expression of a-actin is also shown for 
comparison. 

20 Figure 8B is a graph depicting the corresponding time-dependent 

changes in the FceRII/a-actin ratio, obtained from the data presented in Figure 8A, 
expressed as fold increase above baseline (i.e., time 0) in control (open bars) and IgE 
immune complex-treated cells (filled bars). 

Figure 9 is a series of graphs comprising panels A-D, depicting a flow 

25 cytometric analysis of FcyRIII and FceRII surface expression in rabbit ASM cells. 
Cells treated for 24 hours with either 10% control serum or 10% atopic asthmatic 
serum were stained with fluorescein isothiocyanate (FITC)-conjugated human 
monoclonal antibodies specific for the low-affinity FcyRIII (Panel A) and FceRJI 
(CD23) (Panel B) receptors. Activated B-cells (8.1 .6 ) were used as a positive control 
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for the CD23 receptor. The level of non-specific background staining was measured in 
both the control and atopic asthmatic serum-treated cells by staining with FITC- 
conjugated isotype control antibodies. 

Figure 10 is a series of images, comprising Panels A and B, depicting 

5 immunofluoresence staining for CD23 surface receptor protein in control (CO) serum- 
treated (left panels) and atopic asthmatic serum (SE) sensitized (right panels) rabbit 
ASM cells (A; magnification x 100) and TSM tissue (B; magnification x 50). F(ab') 2 - 
FITC conjugated fragments were used to detect the primary monoclonal anti-CD23 
antibody. Isotype negative control antibody was used to control for nonspecific 

10 staining (upper panels: A and B). 

DETAILED DESCRIPTION 
The invention relates to the discovery of the expression of an Fc 
receptor protein on airway smooth muscle cells, which expression plays a significant 
role in the development of the asthmatic state in an individual having asthma. While 

15 expression of the receptor of the invention on other cell types is known, expression of 
the receptor on airway smooth muscle cells has been heretofore unknown. 

The receptor of the invention is a receptor for IgE termed FceRII or 
CD23. This receptor is a low affinity receptor for IgE which has been observed to be 
expressed in an inducible form on monocytes and lung alveolar macrophages (Williams 

20 et al., 1992, J. Immunol. 149:2823-2829; Joseph et al., 1983, J. Clin. Invest. 71:221- 
230), as well as on circulating B lymphocytes (Gagro et al., 1993, Int. Arch. Allergy 
Immunol. 101:203-208; Rabatic et al., 1993, Exp. Immunol. 94:337-340), isolated from 
atopic asthmatic individuals. However, until the present discovery, the expression of 
this receptor on airway smooth muscle cells has not been known. 

25 In addition to the discovery of the expression of the FceRII receptor on 

airway smooth muscle cells, the present invention includes the discovery that 
antibodies directed against this receptor block the induction of the asthmatic state. 
Thus, the invention includes a method of preventing induction of the asthmatic state in 
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a mammal, which method comprises administering to the mammal a pharmaceutical^ 
effective amount of an anti-FceRII receptor ligand. The ligand binds to the FceRII 
receptor protein, thereby inhibiting binding of IgE to the FceRII receptor protein. 
Inhibition of binding of IgE to the FceRII receptor protein serves to prevent induction 

5 of the asthmatic state. 

The invention also includes a method of treating asthma in a mammal, 
which method comprises administering to the mammal a pharmaceutically effective 
amount of an anti-FceRII receptor ligand. The ligand binds to the FceRII receptor 
protein, thereby inhibiting binding of IgE to the FceRII receptor protein. Inhibition of 

10 binding of IgE to the FceRII receptor protein serves to diminish or ablate the asthmatic 
state in the mammal thereby treating asthma in the mammal. Preferably, the mammal 
is a human. 

There are two types of FceRII receptor proteins, FceRIIa and FceRIIb, 
which differ in only six to seven N-terminal amino acids. Both receptor proteins are 
15 derived from the same gene through the use of different promoters which control 

expression of separate first exons of the protein, which exons are spliced to a common 
mRNA sequence (Delespease et al., 1992, Immunol. Rev. 125:78-97). The invention 
should be construed to include both receptor proteins. 

By the term "asthmatic state" as used herein, is meant the proasthmatic 
20 phenotype which is observed in airway smooth muscle cells. This phenotype is 

characterized by increased contraction and decreased relaxation of the airway tissue 
when it has been exposed to high IgE-containing atopic asthmatic serum or exogenous 
IgE, compared with airway tissue which has not been exposed to IgE. 

By the term "treating asthma" is meant curing asthma, causing the 
25 symptoms of asthma to diminish, ablating or otherwise alleviating the disease. 

The invention should be construed to include any ligand that is currently 
either known or is heretofore unknown, which when bound to an FceRII receptor 
protein on an airway smooth muscle cell of a mammal serves to alleviate an asthmatic 
state in the mammal. 
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By the term "ligand" as used herein, is meant any natural or synthetic 
composition or compound which is capable of specifically binding to its cognate 
receptor protein, and when so bound, prevents binding of IgE to the cognate receptor 
protein, such that an asthmatic state is prevented or diminished. By way of example, 
5 an antibody which specifically binds to an FceRII receptor protein on an airway 
smooth muscle cell and inhibits binding of IgE thereto, is termed an M anti-FceRII 
receptor protein ligand." In this context, the FceRII receptor protein is the "cognate 
receptor protein" for the ligand. 

By the term "anti-FceRII receptor protein ligand" as used herein, is 
10 meant any natural or synthetic composition or compound which is capable of binding 
to an FceRII receptor protein on an airway smooth muscle cell, which binding prevents 
binding of IgE to the cognate FceRII receptor protein. 

Preferably, the anti-FceRII receptor protein ligand is an antibody. 
The invention should not be construed to be limited to the specific 
15 ligands and respective cognate receptor proteins disclosed in the Examples presented 
herein. Rather, the invention should be construed to include any presently known or 
heretofore unknown ligands which have the effect of inhibiting binding of an IgE 
molecule to an FceRII receptor protein on an airway smooth muscle cell. It is a simple 
matter, upon reading the present disclosure, to use the IgE binding inhibition assays 
20 described in the Examples to identify additional ligands which bind to an FceRII 

receptor protein and inhibit the binding of IgE thereto. Thus, while preferred ligands 
for use in the methods of the invention are antibodies directed to an FceRII receptor 
protein, yet other useful ligands may be identified using the protocols described herein. 
The most preferred ligand for use in the methods of the invention is an antibody which 
25 is an anti-FceRII receptor protein ligand. 

To identify a ligand capable of binding to an FceRII receptor protein 
expressed on an airway smooth muscle cell and inhibiting binding of IgE thereto, a 
mixture comprising a population of cells, for example, airway smooth muscle cells 
which express an FceRII receptor protein, and IgE is incubated in the presence or 
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absence of a test ligand. Binding of IgE to the cells is then assessed. The level of 
binding of IgE to cells incubated in the presence of the test compound is compared with 
the level of binding of IgE to cells in the absence of the test compound. A lower level 
of IgE binding to cells in the presence of the test compound compared with the level of 

5 binding of IgE to the cells in the absence of the test compound is an indication that the 
test compound is an anti-FceRII receptor protein ligand. Additional assays which 
definitively establish that the test compound is capable of binding to an FceRII 
receptor protein and preventing the binding of IgE thereto, may then be conducted 
following the protocols provided herein in the Examples section. 

10 The ligand for use in the method of the invention may be any natural or 

synthetic composition or compound which when bound to its cognate receptor protein, 
effects the inhibition of binding of IgE to the cognate receptor protein. Thus, the ligand 
may be a protein, a peptide or a small molecule. The ligand may be administered to a 
cell as is, that is, as an isolated protein, an isolated peptide, a small molecule, or it may 

15 be administered to the cell in the form of an isolated nucleic acid sequence encoding 
the ligand. 

By the term "isolated nucleic acid", as used herein, refers to a nucleic 
acid sequence, a DN A or an RN A or fragment thereof which has been separated from 
the sequences which flank it in a naturally occurring state, e.g., a DNA fragment which 
' 20 has been removed from the sequences which are normally adjacent to the fragment, 
e.g., the sequences adjacent to the fragment in a genome in which it naturally occurs. 
The term also applies to nucleic acids which have been substantially purified from 
other components which naturally accompany the nucleic acid, e.g., RNA or DNA or 
proteins, which naturally accompany it in the cell. The term therefore includes, for 
25 example, a recombinant DNA which is incorporated into a vector; into an 

autonomously replicating plasmid or virus; or into the genomic DNA of a prokaryote or 
eukaryote; or which exists as a separate molecule (e.g, as a cDNA or a genomic or 
cDNA fragment produced by PCR or restriction enzyme digestion) independent of 
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other sequences. It also includes a recombinant DNA which is part of a hybrid gene 
encoding additional polypeptide sequences. 

In other related aspects, the invention includes vectors which contain 
such isolated nucleic acid and which are preferably capable of directing expression of 

5 the protein encoded by the nucleic acid in a vector-containing cell; and cells containing 
such vectors, either eukaryotic cells or prokaryotic cells, preferably eukaryotic cells. 

The isolated nucleic acid of the invention should be construed to include 
an RNA or a DNA sequence encoding a ligand of the invention, and any modified 
forms thereof, including chemical modifications of the DNA or RNA which render the 

10 nucleotide sequence more stable when it is cell free or when it is associated with a cell. 
Chemical modifications of nucleotides may also be used to enhance the efficiency with 
which a nucleotide sequence is taken up by a cell or the efficiency with which it is 
expressed in a cell. Any and all combinations of modifications of the nucleotide 
sequences are contemplated in the present invention. 

15 By the terms "isolated peptide" or "isolated protein," as used herein, is 

meant a peptide or protein which has been substantially separated from the 
components, e.g,. DNA, RNA, other proteins and peptides, carbohydrates and lipids, 
which naturally accompany the protein or peptide in the cell. The terms isolated 
peptide and protein may v be construed to include a peptide or protein which is expressed 

20 and/or secreted from a cell comprising an isolated nucleic acid. 

The present invention also provides for analogs of proteins or peptides 
which comprise a ligand as defined herein. Analogs may differ from naturally 
occurring proteins or peptides by conservative amino acid sequence differences or by 
modifications which do not affect sequence, or by both. For example, conservative 

25 amino acid changes may be made, which although they alter the primary sequence of 
the protein or peptide, do not normally alter its function. Conservative amino acid 
substitutions typically include substitutions within the following groups: 
glycine, alanine; 
valine, isoleucine, leucine; 
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aspartic acid, glutamic acid; 

asparagine, glutamine; 

serine, threonine; 

lysine, arginine; 

phenylalanine, tyrosine. 
Modifications (which do not normally alter primary sequence) include in vivo, or in 
vitro chemical derivatization of polypeptides, e.g., acetylation, or carboxylation. Also 
included are modifications of glycosylation, e.g., those made by modifying the 
glycosylation patterns of a polypeptide during its synthesis and processing or in further 
processing steps; e.g., by exposing the polypeptide to enzymes which affect 
glycosylation, e.g., mammalian glycosylating or deglycosylating enzymes. Also 
embraced are sequences which have phosphorylated amino acid residues, e.g., 
phosphotyrosine, phosphoserine, or phosphothreonine. 

Also included are polypeptides which have been modified using 
ordinary molecular biological techniques so as to improve their resistance to proteolytic 
degradation or to optimize solubility properties or to render them more suitable as a 
therapeutic agent. Analogs of such polypeptides include those containing residues 
other than naturally occurring L-amino acids, e.g., D-amino acids or non-naturally 
occurring synthetic amino acids. The peptides of the invention are not limited to 
products of any of the specific exemplary processes listed herein. 

Desirable isolated protein or isolated peptide ligands include antibodies 
which bind to the desired cognate receptor protein. The antibody may be any type of 
antibody including, but not limited to, a polyclonal antibody, a monoclonal antibody, a 
synthetic antibody, a chimeric antibody, a humanized antibody, and the like. Other 
anti-FceRII receptor protein ligands include proteins which are not antibodies, such as 
Antibody technology is described in Harlow et al. (1988, In: Antibodies, 
A Laboratory Manual, Cold Spring Harbor, NY). Polyclonal antibodies directed 
against an FceRII receptor protein may be made by immunizing any suitable animal 
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and obtaining immune serum from the animal at selected intervals following 
immunization. 

Monoclonal antibodies directed against full length or peptide fragments 
of an FceRII receptor protein may be prepared using any well known monoclonal 
antibody preparation procedures, such as those described, for example, in Harlow et al. 
(supra). Quantities of the desired peptide may also be synthesized using chemical 
synthesis technology. Alternatively, DNA encoding the desired peptide may be cloned 
and expressed from an appropriate promoter/regulatory sequence in cells which are 
suitable for the generation of large quantities of peptide. Monoclonal antibodies 
directed against the peptide are generated from mice immunized with the peptide using 
standard procedures as referenced herein. 

Nucleic acid encoding the monoclonal antibody obtained using the 
procedures described herein may be cloned and sequenced using technology which is 
available in the art, and is described, for example, in Wright et al. (1992, Critical Rev. 
in Immunol. 12(3,4):125-168) and the references cited therein. Further, the antibody 
may be "humanized" using the technology described in Wright et al., (supra) and in 
the references cited therein. 

To generate a phage antibody library, a cDNA library is first obtained 
from mRNA which is isolated from cells, e.g., the hybridoma, which express the 
desired protein to be expressed on the phage surface, e.g., the desired antibody. cDNA 
copies of the mRNA are produced using reverse transcriptase. cDNA which specifies 
immunoglobulin fragments are obtained by PCR and the resulting DNA is cloned into 
a suitable bacteriophage vector to generate a bacteriophage DNA library comprising 
DNA specifying immunoglobulin genes. The procedures for making a bacteriophage 
library comprising heterologous DNA are well known in the art and are described, for 
example, in Sambrook et al. (1989, Molecular Cloning. A Laboratory Manual, Cold 
Spring Harbor, NY) and in Ausubel et al. (Ausubel et al., 1993, Current Protocols in 
Molecular Biology, Green & Wiley, New York). 
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Bacteriophage which encode the desired antibody, may be engineered 
such that the protein is displayed on the surface thereof in such a manner that it is 
available for binding to its corresponding binding protein, e.g., the antigen against 
which the antibody is directed. Thus, when bacteriophage which express a specific 
5 antibody are incubated in the presence of a cell which expresses the corresponding 
antigen, the bacteriophage will bind to the cell. Bacteriophage which do not express 
the antibody will not bind to the cell. Such panning techniques are well known in the 
art and are described for example, in Wright et ah, (supra). 

Processes such as those described above, have been developed for the 
10 production of human antibodies using Ml 3 bacteriophage display (Burton et al, 1994, 
Adv. Immunol 57:191-280). Essentially, a cDNA library is generated from mRNA 
obtained from a population of antibody-producing cells. The mRNA encodes 
rearranged immunoglobulin genes and thus, the cDNA encodes the same. Amplified 
cDNA is cloned into Ml 3 expression vectors creating a library of phage which express 
15 human Fab fragments on their surface. Phage which display the antibody of interest 
are selected by antigen binding and are propagated in bacteria to produce soluble 
human Fab immunoglobulin. Thus, in contrast to conventional monoclonal antibody 
synthesis, this procedure immortalizes DNA encoding human immunoglobulin rather 
than cells which express human immunoglobulin. 
20 The procedures just presented describe the generation of phage which 

encode the Fab portion of an antibody molecule. However, the invention should not be 
construed to be limited solely to the generation of phage encoding Fab antibodies. 
Rather, phage which encode single chain antibodies (scFv/phage antibody libraries) are 
also included in the invention. Fab molecules comprise the entire Ig light chain, that is, 
25 they comprise both the variable and constant region of the light chain, but include only 
the variable region and first constant region domain (CHI) of the heavy chain. Single 
chain antibody molecules comprise a single chain of protein comprising the Ig Fv 
fragment. An Ig Fv fragment includes only the variable regions of the heavy and light 
chains of the antibody, having no constant region contained therein. Phage libraries 
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comprising scFv DNA may be generated following the procedures described in Marks 
et al. (1991, J. Mol. Biol. 222:581-597). Panning of phage so generated for the 
isolation of a desired antibody is conducted in a manner similar to that described for 
phage libraries comprising Fab DNA. 

5 The invention should also be construed to include synthetic phage 

display libraries in which the heavy and light chain variable regions may be 
synthesized such that they include nearly all possible specificities (Barbas, 1995, 
Nature Medicine 1:837-839; de Kruif et al. 1995, J. MoL Biol. 248:97-105). 

By the term "synthetic antibody" as used herein, is meant an antibody 

10 which is generated using recombinant DNA technology, such as, for example, an 

antibody expressed by a bacteriophage as described herein. The term should also be 
construed to mean an antibody which has been generated by the synthesis of a DNA 
molecule encoding the antibody and which DNA molecule expresses an antibody 
protein, or an amino acid sequence specifying the antibody, wherein the DNA or amino 

15 acid sequence has been obtained using synthetic DNA or amino acid sequence 
technology which is available and well known in the art. 

The invention thus includes an isolated DNA encoding an anti-FceRII 
receptor protein ligand or DNA encoding a portion of the ligand, which when the 
ligand is, for example, an antibody, the antibody is itself specific for its cognate 

20 receptor protein, or for fragments thereof. 

To isolate DNA encoding an antibody, for example, DNA is extracted 
from antibody expressing phage obtained as described herein. Such extraction 
techniques are well known in the art and are described, for example, in Sambrook et al. 
(supra) and in Ausubel et al. (supra). 

25 By the term "scFv/phage" are used herein, is meant a phage particle 

which expresses the Fv portion of an antibody as a single chain. 

The invention should be construed to include other anti-FceRJI receptor 
protein-binding ligands which are either known or are heretofore unknown, which are, 
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or will be designed to bind to an FceRII receptor protein and which are useful for 
treating or preventing the asthmatic state in an individual. 

Another form of ligand includes a nucleic acid sequence which encodes 
the anti-FceRII receptor protein ligand and which is associated with 
promoter/regulatory sequences which can direct expression of the anti-FceRII receptor 
protein ligand in vivo. For a discussion of this technology, see, for example, Cohen 
(1993, Science 259:1691-1692), Fynan et al. (1993, Proc. Natl. Acad. Sci. 90:1 1478- 
1 1482) and Wolff et al. (1991, Biotechniques 1 1 :474-485) which describe similar the 
use of naked DNA as a therapeutic agent. For example, a plasmid containing suitable 
promoter/regulatory sequences operably linked to a DNA sequence encoding an anti- 
FceRII receptor protein ligand, may be directly administered to a patient using the 
technology described in the aforementioned references. 

As used herein, the term "promoter/regulatory sequence" means a DNA 
sequence which is required for tissue-specific, organ specific, or other specific (such as 
inducible, etc) expression of a gene operably linked to the promoter/regulator sequence. 
In some instances, this sequence may be the core promoter sequence and in other 
instances, this sequence may also include an enhancer sequence and other regulatory 
elements which are required for expression of the gene in the desired specific manner. 

By describing two nucleic acid sequences as "operably linked" as used 
herein, is meant that a single-stranded or double-stranded nucleic acid moiety 
comprises each of the two nucleic acid sequences and that the two sequences are 
arranged within the nucleic acid moiety in such a manner that at least one of the two 
nucleic acid sequences is able to exert a physiological effect by which it is 
characterized upon the other. 

Alternatively, the promoter/enhancer sequence operably linked to DNA 
encoding the anti-FceRII receptor protein ligand may be contained within a vector, 
which vector is administered to the patient. The vector may be a viral vector which is 
suitable as a delivery vehicle for delivery of the anti-FceRII receptor protein ligand 
DNA to the patient, or the vector may be a non-viral vector which is suitable for the 
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same purpose. Examples of viral and non-viral vectors for delivery of DNA to cells 
and tissues are well known in the art and are described, for example, in (Ma et al., 
1997, Proc. Natl. Acad. Sci. USA 94:12744-12746). Examples of viral vectors include, 
but are not -limited to, a recombinant vaccinia virus, a recombinant adenovirus, a 
5 recombinant retrovirus, a recombinant adeno-associated virus, a recombinant avian pox 
virus, and the like (Cranage et al., 1986, EMBO J. 5:3057-3063; International Patent 
Application No. WO94/17810, published August 18, 1994; International Patent 
Application No. W094/23744, published October 27, 1994). Examples of non-viral 
vectors include, but are not limited to, liposomes, polyamine derivatives of DNA, and 
10 the like. 

The identity, selection and means for obtaining a desired anti-FceRII 
receptor protein ligand useful for treatment or prevention of asthma may be performed 
by the skilled artisan using conventional technology when in possession of the present 
invention. For example, as described in the Examples presented herein, there are a 
variety of anti-FceRII monoclonal antibodies which are available that are likely anti- 
FceRII receptor protein ligands suitable for use in the methods of the invention. 

Other anti-FceRII receptor protein ligands may include, but are not limited to, 
isolated proteins and isolated polypeptides and isolated nucleic acid sequences 
encoding the same. Isolated proteins and peptides having anti-FceRII receptor protein 
ligand activity and isolated nucleic acids encoding the same, may be chemically 
synthesized by conventional methods known in the art, or they may be purchased for a 
commercial source if available. In one embodiment of the invention, the anti-FceRII 
receptor protein ligand, being a protein, a peptide or a nucleic acid, may be produced 
using recombinant techniques in vitro in sufficiently large quantities for use in a 
therapeutic composition for use in treating or preventing asthma. In addition, a 
recombinant virus vector comprising DNA encoding the desired anti-FceRII receptor 
protein ligand may be prepared using conventional recombinant DNA technology 
procedures. 
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The Iigand useful in the methods of the invention may be a small 
molecule, a non-peptide, a peptidometic, and the like, which ligand binds to an FceRII 
receptor protein thereby inhibiting binding of IgE to the receptor protein. Once in 
possession of the present invention, it is within the skill of the ordinary artisan to 
identify the contact points between the ligand and the cognate receptor protein, which 
contact points are essential for binding of these molecules together to inhibit binding of 
IgE to the receptor protein. Thus, it is also within the skill of the artisan to design 
specific peptidometics which bind to FceRII receptor protein. The invention should be 
construed to include such peptidometics. The technology of the development of 
peptidometics is described, for example, in PCT/US93/01201 and U.S. Patent No. 
5,334,702. 

The anti-FceRII receptor protein ligand of the invention may be 
formulated in a pharmaceutical composition which is suitable for administration of the 
ligand to a human patient. It will be appreciated that the precise formulation and 
dosage amounts will vary depending upon any number of factors, including, but not 
limited to, the type and severity of the disease to be treated, the route of administration, 
the age and overall health of the individual, the nature of the ligand, etc. However, the 
preparation of a pharmaceutical ly acceptable composition having an appropriate pH, 
isotonicity, stability and other characteristics is within the skill of the art. 
Pharmaceutical compositions are described in the art, for example, in Remington's 
Pharmaceutical Sciences (Genaro ed., 1985, Mack Publishing Co., Easton, PA). 

As used herein, the term "pharmaceutical ly-acceptable carrier" means a 
chemical composition with which an appropriate anti-FceRII receptor protein ligand, 
may be combined and which, following the combination, can be used to administer the 
ligand to a patient. 

The amount of the anti-FceRII receptor protein ligand composition 
administered, whether it is administered as protein or as nucleic acid, is sufficient to 
prevent, diminish or alleviate the asthmatic state. The pharmaceutical compositions 
useful for practicing the invention may be administered to deliver a dose of between 
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about 1 ng/kg and about 100 mg/kg of patient body weight. Suitable amounts of the 
anti-FceRII receptor protein ligand for administration include doses which are high 
enough to have the desired effect without concomitant adverse effects. When the anti- 
FceRII receptor protein ligand is a protein or peptide, a preferred dosage range is from 
5 about 1 0 to about 1 000 ug of protein or peptide per kg of patient body weight. When 
the anti-FceRII receptor protein ligand is administered in the form of DNA encoding 
the same contained within a recombinant virus vector, a dosage of between about 10 2 
and about 10" plaque forming units of virus per kg of patient body weight may be 
used. When naked DNA encoding the anti-FceRII receptor protein ligand is to be 

10 administered as the pharmaceutical composition, a dosage of between about 1 0 ug 
about several mg of DNA per kg of patient body weight may be used. 

In the practice of the methods of the invention, a composition containing 
an anti-FceRII receptor protein ligand is administered to a patient in a sufficient 
amount to prevent, diminish or alleviate an asthmatic state in the individual. Patients to 

1 5 be treated include children and adults who have atopic (allergic) asthma. This 
constitutes the vast majority of asthmatic individuals. 

The frequency of administration of an anti-FceRII receptor protein 
ligand to a patient will also vary depending on several factors including, but not limited 
to, the type and severity of the asthma to be treated, the route of administration, the age 

20 and overall health of the individual, the nature of the anti-FceRII receptor protein 

ligand, etc. It is contemplated that the frequency of administration of the anti-FceRII 
receptor protein ligand to the patient may vary from about once every few months to 
about once a month, to about once a week, to about once per day, to about several times 
daily. 

Pharmaceutical compositions that are useful in the methods of the 
invention may be administered systemically in parenteral, oral solid and liquid 
formulations, ophthalmic, suppository, aerosol, topical or other similar formulations. 
In addition to the appropriate anti-FceRII receptor protein ligand, these pharmaceutical 
compositions may contain pharmaceutically-acceptable carriers and other ingredients 
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known to enhance and facilitate drug administration. Thus such compositions may 
optionally contain other components, such as adjuvants, e.g., aqueous suspensions of 
aluminum and magnesium hydroxides, and/or other pharmaceutical^ acceptable 
carriers, such as saline. Other possible formulations, such as nanoparticles, liposomes, 

5 resealed erythrocytes, and immunologically based systems may also be used to 

administer the appropriate anti-FceRII receptor protein ligand to a patient according to 
the methods of the invention. 

Preferably, the composition of the invention is administered to the 
human by a lung inhalation route, i.e., via a nebulizer or other lung inhalation device. 

10 An anti-FceRII receptor protein ligand may be administered in 

conjunction with other compounds which are used to treat asthma. Such compounds 
include, but are not limited to, corticosteroids, sodium cromolyn, methylxanthines, 
leukotriene modifiers), anti-cholinergic agents,and rapid relief medications that 
counteract bronchospasm, e.g., primarily beta-adrenergic agents. The choice of 

15 which additional compound to administer will vary depending upon any number of the 
same types of factors that govern the selection of dosage and administration frequency 
of the anti-FceRII receptor protein ligand. Selection of these types of compounds for 
use in conjunction with an anti-FceRII receptor protein ligand for practice of the 
method of the invention is well within the skill of those in the art. 

20 The invention will be further described by reference to the following 

experimental examples. These examples are provided for purposes of illustration only, 
and are not intended to be limiting unless otherwise specified. Thus, the invention 
should in no way be construed as being limited to the following examples, but rather, 
should be construed to encompass any and all variations which become evident as a 

25 result of the teaching provided herein. 
Examples 

The experiments presented were designed to examine whether ASM 
cells have the capacity to intrinsically express Fc receptors. The experiments were 
also designed to examine whether the expression and activation of these Fc receptors 
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is altered in the atopic asthmatic sensitized state, which alteration may contribute to 
changes in agonist responsiveness of the ASM tissue. The results demonstrate that a) 
enhanced constrictor and attenuated relaxation responsiveness induced in ASM 
passively sensitized with human atopic asthmatic serum are prevented by depleting 
the sensitizing serum of its immune complexes or by blockade of FceRJI activation 
with an anti-CD23 blocking antibody; b) exposure of ASM cells and tissue to atopic 
asthmatic serum induces autologously upregulated mRNA and cell surface expression 
of FceRII receptors by the ASM and; c) the latter induced upregulated expression of 
the FceRII receptor in the atopic sensitized state is ablated by an anti-CD23 blocking 
antibody. Taken together, these observations provide new evidence that airway 
smooth muscle cells intrinsically express Fc receptors and that the induced altered 
responsiveness of atopic asthmatic sensitized airway smooth muscle is largely 
attributed to its autologously upregulated expression and activation of the FceRII 
receptor subtype. Notwithstanding the well-established contribution of airway 
infiltrating inflammatory cells in the pathogenesis of atopic asthma (Beasley et al., 
1989, Am. Rev. Respir. Dis. 139:806-817; Litchfield et al., 1992, J. Asthma 
29:181-191; Barnes et al., 1988, Pharmacol. Rev. 40:49-84), the present novel 
findings identify a critical role for the airway smooth muscle itself in autologously 
regulating IgE/CD23-coupled changes in airway reactivity which characterize the 
20 asthmatic state. 

The data may be summarized as follows. To elucidate the role of 
immunoglobulin (Ig) E-dependent mechanisms in inducing altered airway 
responsiveness in the atopic asthmatic state, the expression and actions of Fc receptor 
activation were examined in isolated rabbit tracheal smooth muscle (TSM) tissue and 
25 cultured cells passively sensitized with sera from atopic asthmatic patients or 

nonatopic/nonasthmatic (control) subjects. Relative to control tissues, the atopic 
asthmatic-sensitized TSM exhibited significantly increased maximal isometric 
contractility to acetylcholine (p<0.01) and attenuated maximal relaxation responses and 
sensitivity (i.e., -log ED 50 ) to isoproterenol (p<0.005). These changes in agonist 
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responsiveness in atopic sensitized TSM were ablated by pretreating the tissues with a 
monoclonal blocking antibody (MAb) to the low affinity receptor for IgE, FceRII (i.e., 
CD23) or by depleting the sensitizing serum of its immune complexes. Moreover, in 
complimentary experiments, exogenous administration of IgE immune complexes to 

5 naive TSM produced changes in agonist responsiveness which were qualitatively 
similar to those obtained in the atopic asthmatic sensitized state. Additional 
experiments established that, in contrast to their respective controls, atopic asthmatic 
serum-sensitized human and rabbit TSM tissue and cultured cells exhibited markedly 
induced mRNA and cell surface expression of FceRII, whereas constitutive expression 

10 of the IgG receptor subtype, FcyRIII, was unaltered. Moreover, the upregulated 

mRNA expression of FceRII observed following exposure of TSM to atopic asthmatic 
serum or to exogenously administered IgE immune complexes was significantly 
inhibited by pretreating the tissues or cells with anti-CD23 MAb. Collectively, these 
data provide new evidence demonstrating that the altered agonist responsiveness in 

15 atopic asthmatic sensitized airway smooth muscle is largely attributed to IgE-mediated 
induction of the autologous expression and activation of FceRII receptors in the airway 
smooth muscle itself. 

The Materials and Methods used in the experiments presented herein are 

now described. 

20 Animals 

Thirty four adult New Zealand White rabbits were used in the present 
study which was approved by the Biosafety and Animal Research Committee of the 
Joseph Stokes Research Institute at The Children's Hospital of Philadelphia. The 
animals exhibited no signs of respiratory disease for several weeks before the study. 

25 Preparation and sensitization of airway smooth muscle tissue 

Rabbits were anesthetized with xylazine (10 mg/kg) and ketamine (50 
mg/kg) and were subsequently sacrificed using an overdose of pentobarbital (130 
mg/kg). The tracheae of the rabbits were removed via open thoracotomy, the tracheae 
were cleared of loose connective tissue and were divided into eight ring segments of 6- 
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8 mm length. Each segment referred to herein as a tracheal smooth muscle (TSM) 
segment was incubated for 24 hours at room temperature in either of the following: 1 ) 
human serum containing immunoglobulin (Ig) E at greater than 1 000 IU/ml which was 
obtained from allergic patients having moderate to severe asthma and a 4-5/6+ 
radioallergosorbent test (RAST) positive (having a specific IgE concentration of more 
than 17.5 Phadebas RAST units (PRU)/ml) to Dermatophagoides pteronyssimus, 
Dermatophagoidesfarinae and ragweed, and a positive skin test to these antigens; or 2) 
human serum obtained from non-atopic, non-asthmatic individuals having normal 
serum IgE levels (i.e., < 70 IU/ml) and negative skin test reactivity to 
Dermatophagoides pteronyssimus, Dermatophagoides farinae and ragweed 
(Hakonarson et al., 1995, Am. J. Physiol. (Lung Cell Mol. Physiol.) 269:L645- 
L652). In parallel experiments, TSM segments were incubated in either control serum 
or in atopic asthmatic serum that was: a) depleted of its immunoglobulin complexes 
by pretreatment with sepharose Staphylococcus protein A as described (Kessler, 1975, 
J. Immunol. 115:1617-1624); b) co-incubated with an anti-CD23 (40 ug/ml) 
monoclonal blocking antibody; or c) with an anti-CD16 (2 ug/ml) monoclonal blocking 
antibody. The TSM segments were treated with their respective anti-CD23 or anti- 
CD 16 antibodies in Dulbecco's modified Eagle's medium for 1 hour prior to exposure 
to the atopic asthmatic serum. In extended experiments, paired TSM segments were 
incubated for 24 hours in Dulbecco's modified Eagle's medium, as previously described 
(Hakonarson et al., 1996, J. Clin. Invest. 97:2593-2600), containing either: a) human 
IgE (final bath concentration (FBC): 15 ug/ml); or b) human IgE-goat-anti-human IgE 
immune complexes (FBC: 15:5 ug/ml of IgE/anti-IgE in the final organ bath mixture). 
Tissues incubated in medium alone served as controls. The concentrations of immune 
complexes used for the TSM incubations were based on the results obtained in pilot 
studies which were designed to determine the concentration and ratio of immune 
complexes that induced the greatest acute contractile effect in isolated sensitized TSM 
segments. The serum was aerated with a continuous supplemental 0 2 mixture (95% 
0 2 /5% C0 2 ) during the incubation phase. 
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In comparable experiments, the passive sensitization protocol 
described above was also conducted on human tracheal smooth muscle which was 
isolated 1 hour post-mortem from a 53 year-old male who died from a central 
nervous system complication of immune thrombocytopenia and had no evidence of 
5 lung disease. The passive sensitization protocol was also conducted on a surgically 
resected human bronchial smooth muscle segment obtained from a 72 year-old 
female with peripheral lung carcinoma. Microscopically normal airway smooth 
muscle was carefully cleaned of loose connective tissue and epithelium and divided 
into 4-5 mm long strips. As above, each alternate adjacent strip was incubated in 
10 either control or atopic asthmatic serum in the absence or presence of an anti-CD23 
antibody and was subsequently examined for Fc receptor expression (see below). 
Preparation and sensitization of a jrwav smooth muscle cells 
Airway smooth muscle (ASM) cells were cultured according to 
described protocols. These cells have been characterized in detail with respect to 
15 their distinguishing morphological, histological, and immunological features. The 
cell isolation and subcultivation procedures, and the characterization of the cells is 
described in Noveral et ai. (1992, Am. J. Physiol. (Lung Cell. Mol. Physiol.) 
263:L555-L561). Briefly, ASM cells were isolated from epithelium-denuded 
trachealis muscle obtained from adult New Zealand White rabbits. Following 
digestion in F-12 culture medium containing 30 mg/ml protease, 55 mg/ml type IV 
collagenase, and 100 mg/ml trypsin inhibitor, the dissociated cells were centrifuged 
and resuspended in F-12 containing 10% fetal bovine serum (FBS) and 100 M g/ml of 
gentamicin sulfate. The cells were then inoculated in 100 mm tissue culture dishes 
and, after 4 weeks, the cells had sufficiently proliferated to permit routine 
25 subcultivations. At weekly intervals, the subcultivated cells were suspended and then 
inoculated at a density of 1 x 10< cells/cm 2 in 75 cm 2 tissue culture flasks containing 
F-12 supplemented with 20% FBS and were then incubated at 37°C in a humidified 
atmosphere of 5% C0 2 /95% air. Routine tests for mycoplasma contamination were 
negative. For the sensitization protocol, cells initially seeded at 1 x 10- cells/cm 2 in 75- 
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cm 2 tissue culture flasks were grown to confluence in Ham's F-12 medium containing 
20% FBS. The original culture medium was then replaced with Ham's F-12 for 24 
hours and was subsequently changed to F-l 2 containing either of the following: 1) 
10% human serum containing immunoglobulin (IgE) E at greater than 1000 IU/ml 
5 obtained from allergic patients with moderate to severe asthma (as above); 2) 10% 
human serum obtained from non-atopic non-asthmatic (control) individuals 
(Hakonarson et al., 1996, J. Clin. Invest. 97:2593-2600); 3) IgE immune complexes 
(15:5 ug/ml), or; 4) F-12 alone, for the various time points. 
Pharmacod ynamic studies 

10 Following incubation of the tissue preparations obtained as described 

herein, each rabbit airway segment was suspended longitudinally between stainless 
steel triangular supports in siliconized Harvard 20 ml organ baths. The lower support 
was secured to the base of the organ bath, and the upper support was attached via a 
gold chain to a Grass FT.03C force transducer from which isometric tension was 

15 continuously displayed on a multichannel recorder. Care was taken to place the 
membranous portion of the trachea between the supports in order to maximize the 
recorded tension generated by the contracting trachealis muscle. The tissues were 
bathed in modified Krebs-Ringer solution containing 125 mM NaCl, 14 mM NaHC0 3 , 
4 mM KC1, 2.25 mM CaCl 2 .H 2 0, 1.46 MgSO<.H 2 0, 1.2 mM NaH 2 P0 4 .H 2 0 and 1 1 mM 

20 glucose. The baths were aerated with 5% C0 2 in oxygen; a pH of 7.3 5-7.40 was 

maintained, and the organ bath temperature was held at 37°C. Passive resting tension 
of each TSM segment was set at 2.0 g after each tissue had been passively stretched to 
a tension of 8 g in order to optimize the resting length of each segment as described 
(Tanaka et al., 1990, J. Clin. Invest. 85:345-350). The tissues were allowed to 

25 equilibrate in the organ baths for 45 minutes, at which time each tissue was primed 

with a 1 minute exposure to 10 " M acetylcholine (ACh). Cholinergic contractility was 
subsequently assessed in the TSM segments by cumulative administration of ACh in 
final bath concentrations ranging from 10 ,0 -10 3 M. Thereafter, in separate studies, 
relaxation dose-response curves to isoproterenol (10 ,0 -10 4 M) were conducted in 
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tissues half-maximally contracted with ACh. The relaxant responses to isoproterenol 
were analyzed in terms of % maximal relaxation (Rmax) from the active cholinergic 
contraction, and sensitivity to the relaxing agent was determined as the negative 
logarithm of the dose of the relaxing agent producing 50% of Rmax (pD J0 ) (i.e., 
geometric mean ED 30 value). 

Characterization of Fc receptor mRNA hv R ft v* r Se Transcrip t 
Polymerase Chain Reaction fRT-PCR) 

Total RNA was isolated from sensitized and control ASM cells and 
tissue using the modified acid guanidinium thiocyanate phenol-chloroform extraction 
method (Chomczynskietal., 1987, Anal. Biochem. 162:156-159) which includes 
proteinase K (in 0.5% SDS) digestion of protein in the initial RNA pellet. The 
concentration of each RNA sample was then determined spectrophotometrically. This 
procedure consistently yielded 20-25 ug of intact RNA per each T-75 flask of ASM 



cells. 



To analyze mRNA expression specific for the Fc y RIa, R-IIa. -He, -IIb, 
-RIH, and FceRII receptor subtypes, an RT-PCR protocol and human-specific primers 
for these Fc receptor subtypes was used. cDNA was synthesized using 2.5 ug of total 
RNA isolated from the cell and tissue samples following 0, 6 and 24 hours of treatment 
with either 10% control or 10% atopic asthmatic human serum in the presence or 
absence of an anti-CD23 blocking antibody, and using RNA from cells treated with IgE 
immune complexes or F-12 serum-free medium alone. cDNA generated using RNA 
obtained from immortalized U937 cells and the B cell line 8.1.6, were used as positive 
controls for FcyRIII and FceRII mRNA expression, respectively. The cDNA was 
primed with oligo (dT)12-18 and with random hexamer nucleotides (N6) in the absence 
of signal using the former method. Two ul of cDNA was used in each PCR reaction. 
The Fc receptor primers used in the PCR assays were based on the published sequences 
of the human Fey -RI, -RII, -RIH and FceRII genes (Capel et al., 1994, Immunometh. 
4:25-34; Kikutani et al., 1986, Cell 47:657-665) and included the following primer 



sets: 
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FcyRJ: 5' Primer: 5'-ATGTGGTTCTTGACAACTCTGCTC 3' 

(SEQ ID N0:1) 
3' Primer: 5'-ATGTCTGTCTTCTTGAAGGCTGGA-3' 
(SEQ ID N0:2) (product is 1 ,038 bp) 
5 FcyPvIIA.C: 5' Primer: 5 '-G ACTCC ATTC AGTGGTTCC A-3 1 

(SEQID NO:3) 
3' Primer: S'-GTCAGCTGTTTCATAGTCATTG-S' 

(SQIDNO:4) (product is 644 bp) 

FcyRIIB: 5' Primer: 5'-GACTCCATTCAGTGGTTCCA-3 
10 (SEQIDNO:5) 

3' Primer: S'-CCCAACTTTGTCAGCCTCATC- 3' 

(SEQ ID NO:6) (product is 6 1 8 bp) 
FcyRIII: 5' Primer: 5'-AAGATCTCCC AAAGGCTGTG-3 1 

(SEQIDNO:7) 

15 3' Primer: 5'-ATGGACTTCTAGCTGCACCG-3* 

(SEQ ID NO:8) (product is 254 bp) 
FceRII: 5' Primer: 5'-CGTCTCTCAAGTTTCCAAG-3' 

(SEQ ID NO:9) 
3* Primer: 5 '-GC ACTTCCGTTGGG A ATTTG-3 1 
20 (SEQIDNO:10) (product is 333 bp) 

Rabbit specific a-actin primers, 5 ' -CGAC ATCA AGGAGAAGCTG-3 ' 
(SEQ ID NO:ll) and 5 ' -CTAGAAGC ATTTGCGGTGC-3 ' (SEQ ID NO:12) (19 
mers), and human specific ribosomal protein L7 (RPL7) primers 5'- 
AAGAGGCTCTCATTTTCCTGGCTG-3 ' (SEQ ID NO:13) (24 mer) and 5'- 
25 TCCGTTCCTCCCCATA ATGTTCC-3 ' (SEQ ID NO: 14) (23 mer), based on the 
published sequence of the rabbit a-actin (Putney et al., 1983, Nature 302:718-721) 
and human RPL7 genes (Seshadri et al., 1993, J. Biol. Chem. 268:18474-18480), 
respectively, were used to assess general transcription levels in each sample. The 
cycling profile used was as follows: Denaturation: 95° C for 1 minute; annealling: 54° 
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C for 1 minute; and extension: 72° C for 1-2 minutes using 40 cycles for the Fey RI, 
RII, RIII and Fee RII genes; and using 22 cycles for the a-actin and RPL7 genes, 
respectively. The number of cycles was determined to be in the linear range of 
production of the PCR product. The PCR reactions using the human Fey, Fee, RPL7, 
5 and rabbit a-actin primers were performed using equivalent amounts of cDNA 

prepared from 2.5 pg of total RNA. Equal aliquots of each PCR reaction were then run 
on a 1.2% agarose gel and were subsequently transferred to a Zeta-probe membrane 
overnight in 0.4 N NaOH. Following capillary transfer, the DNA was immobilized by 
UV-crosslinking using a Stratalinker UV Crosslinker 2400 at 120,000 microjoules/cm 2 
10 (Stratagene). 

Prehybridization in a Techne hybridization oven was conducted for 2-3 
hr at 42° C in 50% formaldehyde, 7% (w/v) SDS, 0.25 M NaCl, 0.12 M Na2HP04 (pH 
7.2), and 1 mM EDTA. Hybridization was for 20 hr at 42°C in the same solution. 
The Fey RI, RII, RIII; Fee RII; RPL7 and a-actin DNA levels were assayed by 

15 Southern blot analysis using "P-labeled probes. The FcyRIII, a-actin and RPL7 

probes were prepared by pooling several RT-PCR reactions which used the FcyRIII, a- 
actin and RPL7 PCR fragments and purifying them from a 1 .2% agarose gel using 
Qiaex II agarose gel extraction kit. The FcyRIII, a-actin and RPL7 cDNA fragments 
were subsequently sequenced for product confirmation. The other individual human 

20 Fey and Fee probes were obtained from the cloned cDNA sequences of these genes. In 
addition, the 333 bp rabbit ASM CD23 RT-PCR products were also sequenced for 
product confirmation, and exhibited -90% homology with the human CD23 B- 
lymphocyte receptor gene. Washes were as follows: 1x15 minutes in 2 X SSC, 0.1% 
SDS; 1x15 minutes in 0.1 X SSC, 0.1% SDS both at room temperature, and 2 x 15 

25 minutes at 50° C in 0.1 X SSC, 0.1% SDS. Southern blots were quantitated by direct 
measurements of radioactivity in each band using a Phosphoimager (Molecular 
Dynamics). 

Determination of Fc recep to r expression in ASM cells and t\*»u> 



- 30- 



15 



Fc receptor cell surface expression was examined in cultured rabbit 
ASM cells using a Coulter EPICS Elite flow cytometer (Coulter EPICS Division, 
Hialeah, FL) equipped with a 5 watt argon laser operated at 488 nM and 300 mwatt 
output. Fluorescence signals were accumulated as two parameter fluorescence 
5 histograms wherein both % positive cells and mean channel fluorescence were 

recorded. Cells which were treated for 24 hours with either 10% atopic asthmatic or 
10% control human serum were resuspended in buffer, dispersed by passage through a 
23 g needle, and then stained with the individual antibodies. Based on the results of the 
Fc receptor mRNA expression studies, the targeted monoclonal antibodies used 
10 included the 3G8-FITC anti-Fc Y RIII (Medarex, Inc., Annandale, NJ) and the FITC 
mouse monoclonal antibody to human CD23 (Calteg, San Francisco, CA). The 
immortalized B-cell line 8.1.6, was used as the positive control for the CD23 receptor 
expression assay. The cells were also stained with FITC- and PE- conjugated mouse 
antibodies having the identical isotypes as the Fc receptor monoclonals to measure 
background fluorescence (i.e., IgG3-FITC as control for anti-CD23; and IgG 2 a-PE as 
control for Fc Y RIII, respectively). The antibody- stained cells were then evaluated by 
flow cytometry and were analyzed using the Elite Immuno 4 statistical software 
(Coulter EPICS Division, Hialeah, FL). Fluorescence intensities were expressed as % 
positive cells, including mean channel fluorescence. 

An immunofluorescence detection assay was also used to examine for 
FceRII surface receptor expression in rabbit ASM cells and tissue following 24 hours 
of treatment with human control vs. atopic asthmatic serum, as described above. The 
ASM cells were fixed in acetone alone, whereas the tissues were embedded in OCT 
compound (Miles Laboratories) and frozen in acetone/dry ice. Serial 3-5 urn TSM 
sections were prepared and mounted on poly-L-lysine coated slides. The specimens 
were incubated with PBS buffer containing 10% rabbit serum to suppress non-specific 
staining and were subsequently labeled overnight at 4° C with primary mouse anti- 
human CD23 (FceRII) antibody at a 1 :250-500 dilution. In control sections, the 
primary antibody was replaced by immunoglobulins of the same isotype following the 
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manufacture's protocol (mouse IgOI negative control). Parallel cell and tissue slides 
were also stained with an a-actin antibody. After subsequent repeat washing, FITC- 
labeled F(ab') 2 goat anti-mouse IgE (Fee) fragments was added as the secondary 
antibody. The mixtures were incubated for 1 hour in 1:500-1000 dilutions in PBS 
containing 0.5% BSA. After serial washing, the slides were examined using a 
fluorescent microscope, and quantitative analysis of the protein localization in the cell 
and tissue sections under the above experimental conditions was performed using the 
Metamorph Imaging System interfaced with a Nikon Diaphot 300 Image Analyzer that 
utilizes a Hamamatsu CCD camera. 

Statistical analyse 

Unless otherwise indicated, results are expressed as mean +SE. 
Statistical analysis was performed by means of two-tailed paired Student's t-test. P- 
values < 0.05 were considered significant. 

Reagents 

The Fcy-RI, -RII, -RIII, FceRII, RPL7 and rabbit a-actin primers were 
obtained from Integrated DNA Technologies Inc., Coralville, IA. ACh and 
isoproterenol hydrochloride were obtained from Sigma Chemical, St. Louis, MO. The 
human IgG, goat-antihuman IgG, human myeloma IgE, and the goat-anti human IgE 
antibodies were purchased from Biodesign Int. Kennebunk, ME. The 3G8-FITC anti- 
Fc Y RIII and FITC-mouse monoclonal antibody to the human CD23 receptors used in 
flow cytometric studies were purchased from Medarex, Inc., Annandale, NJ and Calteg, 
San Francisco, CA, respectively. The anti-CD23 monoclonal blocking antibody 
(mAbl35) is described in Mossalayi et al. (1992, EMBO J. 1 1 :4323-4328). The FceRII 
(CD23) antibody and F(ab') 2 -FITC fragments used in the immunofluoresence studies 
were purchased from Serotec Ltd., Oxford, UK. The immortalized B-cell line 8. 1 .6, is 
described in Weenink et al. (1977, International Immunol. 9(6):889-896). The Fey -RI, 
-RII -RIII and FceRII cDNA probes are described in McKenzie (1994, Current Opinion 
in Hematol. 1 :45-52). All drug concentrations are expressed as final bath 
concentrations. Isoproterenol and ACh were made fresh for each experiment, dissolved 
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in normal saline to prepare 10 4 M and 10° M solutions, respectively. The human 
tissue was provided by the Cooperative Human Tissue Network which is funded by the 
National Cancer Institute. 

The Results of the experiments presented herein are now described. 
5 Role of Fc receptors in altered responsi v eness of atopic asthmatic. 

sensitized airw ay smooth miisrlp 

Passive sensitization of isolated naive airway smooth muscle (ASM) 
tissue with human atopic asthmatic serum induces changes in the tissue's agonist- 
mediated constrictor and relaxant responsiveness that phenotypically resemble the pro- 
10 asthmatic state (Hakonarson et al. , 1995, Am. J. Physiol. (Lung Cell Mol. Physiol.) 
269.L645-L652). To examine whether these effects of atopic asthmatic serum are 
mediated, at least in part, by the presence of elevated levels of IgE in the sensitizing 
serum, constrictor and relaxation responses were separately examined in TSM 
segments that were treated with human control or atopic asthmatic serum in the 
absence and presence of a blockade of specific Fc receptors, or following depletion of 
immune complexes in the sensitizing serum by treatment with Sepharose 
Staphylococcus protein A (SpA) (Kessler, 1975, J. Immunol. 115:1617-1624). As 
shown in Figure 1, relative to tissues incubated with control serum (open circles), the 
maximal constrictor (Tmax) responses to ACh were significantly enhanced in TSM 
passively sensitized with atopic asthmatic serum (filled circles). Accordingly, the 
mean ±SE Tmax values amounted to 121.7±5:3 and 146.0±15.5 g/g TSM wt. in the 
control and sensitized tissues, respectively (p < 0.01). The induced augmented 
constrictor responses to ACh, however, were largely prevented in atopic serum- 
sensitized tissues that were pre-treated with an anti-CD23 monoclonal blocking 
antibody (anti-CD23 MAb) (Figure 1 A; open squares) or when the sensitizing serum 
was depleted of its immune complexes by pre-treatment with SpA (Figure IB; open 
squares). 

In separate studies, during comparable levels of initial sustained ACh- 
induced contractions in atopic asthmatic sensitized and control serum-treated airway 
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segments, averaging 38 and 43% of Tmax, respectively, administration of the beta- 
adrenergic receptor agonist, isoproterenol, elicited cumulative dose-dependent 
relaxation of the pre-contracted TSM segments (Figure 2). Relative to control TSM, 
the maximal relaxation responses (Rmax) and sensitivities (pD 50 ; i.e., -log ED 50 ) to 
isoproterenol were significantly attenuated in the atopic asthmatic serum-sensitized 
TSM. Accordingly, the mean Rmax values for isoproterenol amounted to 26.0±5. 1 % 
in the atopic sensitized TSM, compared to 47.0±4.7 % in the control serum-treated 
TSM (p<0.005), with corresponding pD J0 values averaging 5.82±0.16 and 6.59±0.1 1 
-log M, respectively (p<0.005). However, the attenuated isoproterenol-induced 
relaxation responses were ablated in atopic serum-sensitized TSM that were pretreated 
with anti-CD23 MAb (Figure 2A), or when the sensitizing serum was initially depleted 
of its immune complexes with SpA (Figure 2B). 

In contrast to the above observations obtained in atopic asthmatic 
serum-sensitized TSM, in tissues incubated with control serum, neither anti-CD23 
MAb nor pretreatment of the control serum with SpA affected the subsequent 
contractility of the tissue to ACh or relaxation responsiveness to isoproterenol. 
Moreover, contrasting the above inhibitory effects of anti-CD23 MAb in atopic 
sensitized TSM, exposure of the sensitized tissues to a monoclonal blocking antibody 
to the FcyRIII receptor, which is also expressed in ASM (see below), had no 
appreciable effect on the heightened constrictor responsiveness of the tissue to ACh or 
attenuated relaxation to isoproterenol. 

Effects of IeE ari d IeE immune complexes on ASM responsiveness . 

In light of the above observations suggesting a role for an IgE immune 
complex/FceRlI receptor interaction in mediating altered ASM responsiveness in the 
atopic asthmatic sensitized state, the issue of whether the sensitizing effects of the 
atopic asthmatic serum could be simulated by treatment of naive TSM with either 
exogenous IgE or IgE immune complexes was examined. Constrictor and relaxant 
dose-response relationships to ACh and isoproterenol, respectively, were separately 
compared in TSM exposed for 24 hours to vehicle alone (control) or varying 
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concentrations of IgE or IgE immune complexes. Relative to their respective controls, 
the maximal constrictor responses to ACh were significantly (p O.05) enhanced in 
tissues treated for 24 hours with an optimal concentration of IgE immune complexes 
(i.e., 15:5 ng/ml of IgE/anti-IgE), wherein the mean ± Tmax responses amounted to 
5 1 08.8± 10.2 vs 94.2±5. 1 g/g TSM wt obtained in the control tissues (Figure 3). 

Comparably, during similar initial sustained levels of ACh-induced contractions (i.e., 
-45% Tmax), the subsequent relaxation responses to cumulative administration of 
isoproterenol were markedly reduced in the IgE immune complex-treated vs. control 
tissues (Figures 4), wherein the Rmax responses amounted to 36.8±10.4 vs. 67.8±6.0 
10 %, respectively (p<0.05), and the corresponding pD^ values averaged 6.70±0.08 and 

6.84±0.1 1 -log M, respectively (p<0.05). Qualitatively, similar results were obtained in 
tissues treated with IgE alone, although the changes in ACh-induced contraction and 
attenuation of isoproterenol-induced relaxation in these tissues were quantitatively less 
pronounced than those obtained in IgE immune complex-treated TSM. 

15 Fc receptor expression in atopic asthma t ic sensitised airway smooth 

muscle 

In extending the above pharmacodynamic studies, in separate 
experiments, the issues of whether cultured ASM cells and isolated ASM tissue express 
Fc receptors and whether the expression of these receptors is modulated in the atopic 
20 asthmatic sensitized state was examined. Using RT-PCR and Fc receptor specific 

primers for the different Fey and Fee receptor subtypes, cDNA was reverse transcribed 
from total isolated RNA primed with random hexamer primers, and Southern blots 
were probed with human cDNA probes specific for individual Fey and Fee receptor 
genes as described in the Methods section. A 415-bp a-actin probe was also used to 
control for gel loading, and the signals for the Fey, Fee and a-actin PCR products were 
quantitated on a Phosphorimager. 

In contrast to the lack of detectable expression of FcyRl and FcyRII 
specific in RNA, ASM cells expressed mRNA specific for the FcyRIII receptor (Figure 
5A). In parallel with the unaltered constitutive expression of a-actin mRNA, the 
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FcyRIII signal did not temporally vary in cells treated for up to 24 hours with either 
control or atopic sensitized serum, and there were no significant differences in FcyRIII 
mRNA expression between control and sensitized cells. Expression of the high affinity 
IgE receptor, FceRI, was also undetectable in the ASM cells. On the other hand, as 
shown in Figure 5B, expression of mRNA specific for the low affinity IgE receptor, 
FceRII (i.e., CD23), was detected in both the control and atopic asthmatic sensitized 
cells. Moreover, in contrast to control serum-treated ASM cells wherein the mRNA 
signal did not systematically vary with time, the intensity of the FceRII mRNA signal 
progressively increased at 6 and 24 hours in the atopic asthmatic serum-sensitized cells. 
Thus, rabbit ASM cells expressed mRNA specific for both the low-affinity FcyRIII 
and FceRII receptors as verified by the presence of 254 bp (FcyRIII) and 333 bp 
(FceRII) cDNA fragments. In contrast to FcyRIII, expression of FceRII was 
significantly upregulated at 24 hr (i.e., > 2 fold) following treatment with atopic 
asthmatic serum. 

Similar results were obtained in comparable experiments conducted on 
isolated human tracheal smooth muscle tissue wherein adjacent alternating sections 
were exposed for 24 hours to either control or atopic asthmatic serum. Following RNA 
extraction, PCR products generated using oligo (dT)-primed human cDNA and the 
above human-specific FcyRIII and FceRII primers, as well as a primer for the 
20 constitutively expressed ribosomal protein, RPL7, were loaded in separate lanes on a 
1.2% agarose gel. The Southern blots were then analyzed using 32 P-labeled human- 
specific FcyRIII, FceRII, and RPL7 (157-bp) probes. As depicted in Figure 6, 
following 24 hours of incubation with serum, the signals for expression of FcyRIII and 
RPL7 mRNA were similar in the control (CO) and atopic asthmatic-sensitized (SE) 
tissue samples (Figure 6A). In contrast, the signal for FceRII mRNA expression, 
although detectable in the control samples, was markedly induced in the atopic 
asthmatic serum-treated tissues (Figure 6B), whereas that of RPL7 was unaffected in 
these cells. Thus, a marked induction of FceRII expression was observed in the atopic 
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asthmatic serum-sensitized sample (i.e., > 7.5 fold), whereas expression of FcyRIII or 
RPL7 was similar in both samples. 

In light of the above observations, together with the preceding 
pharmacodynamic findings implicating a role for IgE immune complex/CD23 
interaction in mediating the changes in agonist responsiveness in the atopic asthmatic 
sensitized tissues (Figures 1 and 2), the issue of whether the observed upregulation of 
FceRII expression in the atopic asthmatic sensitized state was attributable to activation 
of the FceRII receptor was examined. As shown in Figure 7, using ASM tissue 
sections isolated from the same human lung specimen it was discovered that, whereas 
the tissue samples exposed to atopic asthmatic serum (SE) displayed markedly induced 
FceRII expression relative to control (CO) serum-treated samples, the upregulation of 
FceRII expression was largely inhibited by pretreatment of the atopic serum-sensitized 
tissues with anti-CD23 monoclonal antibody (SET. Thus, anti-CD23 MAb 
significantly attenuated the induction of FceRII mRNA expression at 24 hours in atopic 
asthmatic-serum sensitized airway smooth muscle. Moreover, in separate 
complimentary experiments examining the effects of exogenous administration of IgE 
.mmune complexes on FceRII expression in cultured ASM cells, it was found that 
treatment of the cells with IgE immune complexes induced progressive enhancement of 
FceRII mRNA expression (Figure 8A), resulting in a near 5-fold increase in FceRII 
expression at 24 hours (Figure 8B). Additionally, in concert with the above ASM 
tissue studies, pretreatment of cells with anti-CD23 monoclonal antibody significantly 
inhibited (i.e., by ~4Qo /o) the magnitude of the IgE immune complex-induced FceRII 
expression at 24 hours (Figure 8B). Thus, a progressive induction of FceRII mRNA 
expression up to 24 hours following treatment with IgE immune complexes, and 
inhibition of FceRII expression at 24 hr in the presence of anti-CD23 MAb (hatched 
bar) was observed. 

Taken together, the above observations demonstrate that rabbit and 
human ASM express mRNA specific for the low-affinity FcyRIII and FceRII receptor 
for IgG and IgE, respectively, and that the expression of the FceRII receptor mRNA 
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examined using RT-PCR, is upregulated by treatment with either human atopic 
asthmatic serum or exogenously administered IgE immune complexes, secondary to 
activation of the endogenously expressed FceRII receptor. 

Expression of FryRIH and FceRH cH I surface p roteins -ritrrrl 
airway smooth mtisdp 

Given the above findings, the issue of whether ASM cells express 
FcyRIII and FceRII receptor proteins on their cell surface was examined by flow 
cytometry. As shown in Figure 9, ASM cells expressed both the low-affinity Fc Y RIII 
(Figure 9A) and FceRII (Figure 9B) receptors as surface protein. In contrast to 
unaltered Fc Y RIII receptor expression after exposure of the cells for 24 hours to control 
or atopic asthmatic serum (Figure 9A), cell surface expression of the FceRII receptor 
was increased by > 2-fold in the atopic asthmatic serum-treated vs. control serum- 
treated cells (Figure 9B). Thus, rabbit ASM cells expressed surface protein specific for 
both FcyRIII and FceRII receptors. In contrast to Fc Y RIII receptor expression which 
was unaltered in the presence of atopic asthmatic serum, expression of the FceRII 
receptor was increased by > two-fold (i.e., from 17 to 36% in the presence of atopic 
asthmatic serum. 

To further substantiate the above observations, sensitized ASM cells and 
tissue were subsequently examined for evidence of altered FceRII receptor expression 
in by immunofluoresence staining. As shown in Figure 10, relative to an isotype 
negative control antibody (upper panels: A and B), FceRII staining with an anti-CD23 
antibody was weakly positive both in control (CO) serum-treated cells and tissue 
(lower left panels: A and B). Moreover, in parallel with the above results based on " 
flow cytometric analysis, surface staining for the CD23 receptor protein was notably 
enhanced in the atopic asthmatic serum-treated cells and tissue (Figure 10; lower right 
panels: A and B). Thus, significantly enhanced FceRII (CD23) receptor staining in 
ASM cells and tissue treated with atopic asthmatic serum (i.e., lower SE panels in 
Panel A and Panel B) was observed. 
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Previous studies have implicated both mast cells and other pro- 
inflammatory cells in ,he pathogenesis of asthma. The present study addressed the 
hypothesis Chat .he resident airway smooth muscle itself also plays an etiologic role in 
the pathobiology of the disease. The results provide compelling new evidence 
demonstrating (hat: I) ASM cells express mRNA and surface protein for ,he low- 
affinity FcyRIII (CDJ6) and FcnRII (CD23) receptors for IgG and IgE, respectively 2) 
tn contrast ,o the FoyRII, receptor, expression of the FceRII re«p,or is significantly 
upregulated following treatment with either atopic asthmatic serum or IgE immune 
complexes, . finding similar to that obtained in a passively sensitized human ASM- 3) 
the tnduced changes in FceRI[ receptor expression are associated with altered ASM 
responsiveness to rauscarinie/cholinergic and P -adrenocep,or activation in the atopic 
asthmatic sensitized state; and 4) the latter changes in FccRIt receptor expression and 
responstveness in atopic asthmatic sensitized ASM can be attributed to activation of 
intnnsically expressed FceRII receptors by immune complexed IgE. 

The use of passive sensitization of rabbit and human isolated airways 
with human atopic asthmatic serum provides a practical in vitro experimental approach 
to examme the regulation of airway responsiveness in the atopic asthmatic state 
(Hakonarson e, al., 1997, J. Clin. Invest. 99:1 ,7-124; Hakonarson et al„ 1995 Am J 
Physiol. (Lung Cell Mol. Physiol.) 269:L645-L652). In this connection, the observed 
changes in responsiveness in the atopic sensitized tissues closely mimicked the 
perturbations in airway function that characterize the in v/vo asthmatic condition 
tncluding exaggerated bronchoconstrictor responsiveness to contractile agonists and 
■ruptured airway relaxation to P-adrenoceptor stimulation (Hakonarson el al 1997 J 
Clin. Invest. 99:! 17-124; Hakonarson ., al., 1995, Am. J. Physiol. (Lung Cell Mol 
Physiol.) 269:L645-L652). When the mechanistic link be.ween exposure of naive 
a.rway .issue to atopic asthmatic serum and its resultant altered responsiveness was 
prev.ously addressed using the same experimental model described herein i, was 
observed that the latter effect was largely mediated by the induced autologous 
expression and autocrine action of the cytokine, IL-I p, in atopic sensi.ized ASM 
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(Hakonarson et al., 1997, J. Clin. Invest. 99: 1 1 7-124). Moreover, the mechanism of 
action of IL-ip in eliciting the altered responsiveness in sensitized tissues was 
attributed to its induced upregulated expression of G, protein, specifically Gia 2 and 
Gia 3 which inhibit intracellular cAMP accumulation (Hakonarson et al., 1996, J. Clin. 
Invest. 97:2593-2600). 

The data presented herein establish that the sequence of events leading 
to cytokine-induced changes in ASM responsiveness in the sensitized state is initiated 
by IgE-coupled FceRII receptor activation involving the ASM itself. The present 
observations demonstrate that either depletion of serum immune complexes or 
pretreatment with a specific anti-CD23 monoclonal blocking antibody largely 
prevented the changes in ASM responsiveness induced by exposure of the tissues to 
atopic asthmatic serum (Figures 1 and 2). Furthermore, in complimentary studies, 
exposure of naive ASM tissue to IgE immune complexes produced changes in ASM 
responsiveness (Figures 3 and 4) which closely resembled those observed in the atopic 
sensitized state. Thus, IgE-coupled Fc receptor activation principally involving the 
FceRII receptor in ASM itself appears to be fundamentally responsible for producing 
the perturbations in airway responsiveness that characterize the pro-asthmatic state. 

In concert with the above pharmacodynamic results, additional 
experiments demonstrated the presence of constitutive FceRII and FcyRIII receptor 
mRNA and cell surface expression, both in cultured ASM cells and human ASM tissue 
(Figures 5 and 6). Furthermore, in contrast to Fc Y RIII expression, which was unaltered 
in the presence of atopic asthmatic serum, expression of FceRII was markedly 
enhanced in ASM exposed to the sensitizing atopic serum (Figures 5 and 6). In 
considering these results, it is relevant to note that a number of studies have reported a 
direct correlation between serum IgE levels and FceRII and -RI expression 
(Spiegelberg et al., 1981, J. Clin. Invest. 68:845-852; Conroy et al., 1977, j. Immunol. 
118:1317-1321; Malveaux et al., 1 978, J. Clin. Invest. 62: 1 76- 1 8 1 ). While these 
reports raised the notion of a possible common mechanism regulating the production of 
both IgE and its receptors, more recent evidence based on studies using different cell 
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Imes sugges,s ,ha, IgE itself may enhance FceRI (Lamz et al., 1997, J. lmmunol 
1 58:25 1 7-252 1 ; Yamaguchi et al., 1 997, j. Exp. Med. 1 85(4):663-672) or FeeRII 
expression (Lee etal., 1987, J. Immunol. .39:1 191-1 198; Daeron e. al ,986 J 
Immunol. 136:1612-1619; Lee e, a,., 1986, J. Immunol. 136:4573-4580) The latter 
eonccp, „ supported by the presen , eXDerimen(! . ^ ^ ^ ^ 

tnduced expression of FeeRII i n ASM treated with atopic asthmatic serum was Urgely 
rnhrbr.ed in me presence of an an,i-CD23 blocking antibody (Figure 7). Moreover as 
teher support for the concept of IgE-dependen, modulation of FeeRII expression ■« 
was also observed that exogenous* administered IgE immune complexes eUcited an 
increase in FceRl, expression (Figure 8A) and, further, tha, this effect was signiflculv 
tnh.br.ed by pretreaUnem with an,i-CD23 MAb (Figure 8B). Thus, ,he data presented 
herem are consist with the presence of a positive feedback system in ASM wherein 

UPregU ' ateS ' he eX " reSSi0 " »™ '°w affinity receptor. This notion is in 
genera, agreement with previous studies which reported the presence of IgE-dependen, 
Fee receptor induction in other cell types (Lantz e, al., !997, J. Immunol. .58-2517- 
2521; Yamaguchi e, a,., .997, J. Exp. Med. 77:663-672; Lee e, a.., ,987, , Immunol. 
139:1 191-1 198; Daeron et al., 1986, J. Immunol. 136:1612-1619; Leee, al 1986 J 
Immunol. ,36:4573-4580). However, in these earlier studies mRNA levelsfor Fee ' 
receptor expression were no, examined, and the increased cell surface expression of the 
receptor was attributed to .gE-mediated inhibition of proteolytic cleavage of the 
receptor from its membrane binding site (Lee e, a,., 1987, J. Immunol 1391191- 
H98). Recogni zing the limitations jn ^ ^ ^ ^ ^ 

observations demonstrating the presence of IgE-dependen, enhanced expression of 
FceRI. mRNA suggest tha, IgE exerts its upregulatory action on FceRJ. expression a, 
least m part, vra a pre-translational effect. 

In recen, years, the complexity of transmembrane signaling via the . 
FceRJ, receptor has been partially unrave ,ed. In this reg ard, together wi.h IgE 
brndmg, s, gna „„g via the FceRI, receptor is know „ 10 include ^ ^ 
■o complement receptor 2 (CR2), also referred ,„ as CD2, , which is a recep.or f„ r 



fragments of the complement component, C3 (Aubry et al., 1992, Nature 358 505-507) 
Further, as demonstrated in B-lymphocytes, CR2 co-ligates with the membrane protein 
CD1 9 and, in the presence of C3 fragments bound to antigen/immune complexes (e g ' 
IgE/IgG and/or IgM), this membrane-linked network of molecules acts synergistically 
to mediate the cytokine activities of FceRII (Sutton et al., 1993, Nature 366-421-428- 
Delespesseetal., 1992, Immunol. Rev. 125:77-97; Matsumoto et al., 1991, J Exp 
Med. 173:55-64). Accordingly, in B-lymphocytes, this antigen/IgE immune complex 
network coupled to the FceRII receptor apparently serves to facilitate antigen 
presentation to antigen-specific CD4+ (helper) T-lymphocytes, a process resulting in 
the expression of the CD4 + /Th2 phenotype. The latter phenomenon is associated with 
the release of such Th2-derived cytokines as IL-4 and IL-5 which are involved in B- 
lymphocyte switching to IgE production and eosinophil accumulation, respectively 
(Delespesse et al., 1992, Immunol. Rev. 125:77-97). With potential implications 
related to asthma, recent evidence based on studies conducted in house dust mite- 
immunized mice suggests that the above mechanism of IgE/FcelUI-coupled facilitation 
of antigen presentation to T-lymphocytes is important for both the induction of the 
Th2-type immune response in the lungs and the subsequent infiltration of eosinophils 
into the airways following inhaled antigen challenge (Coyle et al., 1996, J. Exp Med 
183:1303-1310). 

In light of the above evidence regarding the role of CD23 receptor 
activation in eliciting Th-2 cytokine production and pulmonary eosinophilic infiltration 
m the ant lg en-sensitized state, the results of the present study raise the consideration 
that, apart from inducing changes in airway responsiveness, upregulated FceRII 
expression and activation in airway smooth muscle cells may also play a ro le in 
modulating local airway immune responses. Indeed, this compelling concept is in part 
supported by the recent observation that airway smooth muscle cells are auto.ogously 
induced to release IL-ip in the atopic asthmatic sensitized state (Hakonarson et al., 
1997, J. din. Invest. 99: 1 17-124), a finding which, together with the present 
observations, suggests the presence of FceRII-coupled local stimulation of cytokine 
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re ease and stgnahng. In lhis conlex( , „ „ ^ ^ 

Th-2-hke cytokmes and, .hereby, promote loca, infiltration of ,he airways with 
eosmophik and other proinfiammatory cells seen in the asthmatic state 

In conclusion, the present study has identified the presence and up. 

ZT TT" ° f FC£R " reCePt<>,S in a,0Pi ° — d airway smooth 
muscre, and has Mer ^ ^ ^ J 

■^*~.^.*^..^^ 11-fcldllll ;* , 

Whtle comparably up-regutared expression of the FccRI, receptor has been ' 

t* - " diffCTenl ^ m ~nve<. circulating Oocytes in atopic 
asthmatic individuals (Williams et ai iqoo t t 

al 1993 In, a h I,, a ' - ,992 ' J Imn,Unol I * 9:2 823-2829;Gagroe, 

*. 1993, In,. Arch. Allergy tontunol. 10 l:203-208 : Rabatic et al 1993 Exo 
Immunol. 94:337-340; Joseph e, a,., ,983, J. Clin. Inves , 71;221 ^ the ^ 

observattonsraiseanovelconsiderationregatdingmepathobiologyofjtta 
Accordmgly, given the importan , immunol fa 

mportan, role and mechanism for the resident airway smooth muscle in autologous* 
mducng „ s „ wn IgE . media(ed sta[e Qf a||ered rKponsiveness « 

asthmatic condition. 8 plc 

The disclosures of each and every patent, pa,e„, application and 
pubhcatton cited herein are hereby incorporated herein by reference in their entirety 

Wh„e mis invention has been disclosed with reference to specific 
embod ent appareM tha( erabodimenK ^ d ^ 

J 2~ - " — - fended to be construed to include a„ 
such embodiments and equivalent variations. 
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What is claimed is: 



1. A method of prevent induction of an asthmatic state in a human 

:: ~:;r 1 recep,or protein — — - - 

2. The memod of claim wherein ^ 

4. The method of Cairn 3, wherein said ami-FceRl, receptor pr „ tcin 
Lgand ,s an anu-FeeRJ. receptor protein antibody. 

human in the fo ' ^ " " — — - - -d 



7- The method of claim 6, wherein said virai vector is selected from , h 
~,, g of a recombinant vaccinia virus, a recombinant adenom a 
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g "Posome and a polyamine conjugated DNA. 
HMM acceDlable W ' reCeP, ° r Pr ° tem "»»• in a 
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16. The method of claim ,5, wherein said DNA is formulated in a viral 
or a non-viral vector. 



1 7. The method of claim 16, wherein said viral vector is selected from 
■he group consisting of a recorabinaM vaccWa vjrus> a ^ 

recombinant retrovirus, a recombinant adeno-associated vims and a recombinant avian 
pox virus. 



18. The method of claim .7, wherein said non-viral vector is selected 
from the gronp consisting of a liposome and a polyamine conjugated DNA. 

19Theme ' hodofclai ™n,whereinsaidanti-Fc e R I I r ece P ,or P rotein 
Itgand ,s administered ,o the human in an amount between about ■ „g* g and about ,00 
mg/kg of patient body weight. 

20. The method of claim 21, wherein said pharmaceutical!, acceptable 
carrier is physiological saline. 



21. A method of treating a human having asthma comprising 
administering to said human a pharmaceutical* effective amount of an iso.ated nucleic 
acid encoding an anti-FceRII receptor protein hgand, wherein said nucleic acid 
expresses said ligand in vivo in an amount sufficient to treat said asthma. 

22. A method of identifying an an.i-Fc.RU receptor protein ligand 

comprising 

providing a mixture comprising I gE and a population of cells which 
express an FceRII receptor protein, 

incubating said mixture in the presence or absence of a test ligand, and 
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where, a tower ,eve, of IgE ^ l0 said ^ ^ ^ 



— 23 ' i,,emethodofdaim22 -' h - i - i <'«"- reai[waysmooth 



«. • ■-. -, 24 ' A ' igand inhibi,i " g Wnding «"»••■ WD receptor 

protein identified using fte method of claim 22. 

25. A method of inhibiting binding of IoK to an P^pir 
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ABSTRACT OF THE INVENTION 



Meth °* "f —ing or preventing induction of as.hma in a human 

reCePt ° r Pr0tt,n " 8a " d "« «■ * Pharmaceutic acceprabie carrier in an 
a—, sufficien, ,o inhibi, binding of , gE ,„ „ ^J^™ £ 

treating or preveming induction of asmma in , he human P ° tt '» ^ 
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